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A.  B.  Hervey,  of  Taunton,  Mass. 

BECBBTABY  OF  SUBSECTION  OF  ANTHBOFOLOGY. 
J.  G.  Henderson,  of  Winchester,  111. 

TBEASUBEB. 

WiLUAM  S.  Vaux,  of  Philadelphia,  Pa. 

STANDING  COMMITTEE. 

Past  Presidents.^  Benjamin  Peirce,  of  Cambridge ;  James  D.  Dana,  of 
New  Haven ;  James  Hall,  of  Albany ;  Stephen  Alexander,  of  Prince- 
ton; Isaac  Lea,  of  Philadelphia;  F.  A.  P.  Barnard,  of  New  York;  J.  S. 
Kewberry,  of  New  York;  B.  A.  Gould,  of  Boston;  T.  Sterrt  Hunt, 
of  Montreal;  Asa  Gray,  of  Cambridge;  J.  Lawrence  Smith,  of  Louis- 
ville ;  Joseph  Loverino,  of  Cambridge ;  John  L.  LeConte,  of  Philadel- 
phia; J.  E.  HiLOARD,  of  Washington;  Wiluam  B.  Rogers,  of  Boston; 
Simon  Newcomb,  of  Washington ;  O.  C.  Marsh,  of  New  Haven. 

The  President^  Vice  Presidents,  Permanent  and  General  Secretaries^  the 
Secretaries  of  Sections  A  and  J?,  and  Treasurer  of  the  Meeting, 

Officers  of  the  Preceding  Meeting.  — Gkohqe  F.  Barker,  of  Philadelphia; 
S.  P.  Lanoley,  of  Allegheny;  J.  W.  Powell,  of  Washington;  H.  Car- 
RiNGTON  BoLTON,  of  Hartford ;  W.  H.  Dall,  of  Washington. 

From  the  Association  at  large. —  Six  Fellows  to  be  elected  on  the  first 
day  of  the  meeting. 
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LOCAL  COMMITTEE 

FOR  THB 

BOSTON  MEETING. 


Chairman, 
Prof.  William  B.  Rogers. 

Secretaries. 
Samuel  H.  Scudder,  Harvard  College  Library,  Cambridge. 
Edwa^cd  Burgess,  Boston  Society  of  Natural  History. 

Treasurer. 
Charles  W.  Scudder,  69  Kllby  Street,  Boston. 

Committee  at  Large :  —  Hon.  Chas.  Francis  Adams ;  Dr.  H.  J.  Bigelow ; 
T.  T.  Bouv6;  Dr.  H.  I.  Bowditch;  J.  I.  Bowditch;  Hon.  Wra.  Claflln; 
Hon.  S.  C.  Cobb ;  Hon.  John  Cnmmings ;  President  C.  W.  Eliot ;  Dr.  Samuel 
Eliot;  George  B.  Emerson;  Ralph  Waldo  Emerson;  J.  M.  Forbes;  Hon. 
Wm.  Gaston;  Prof.  Asa  Gray;  Hon.  Horace  Gray;  William  Gray;  Hon. 
E.  R.  Hoar;  Dr.  Oliver  Wendell  Holmes;  H.  P.  Kidder;  A.  A.  Lawrence; 
Hon.  F.  W.  Lincoln;  J.  L.  Little;  Hon.  John  D.  Long;  Prof.  Henry  W. 
Longfellow;  Prof.  Joseph  Loverlng;  Hon.  John  A.  Lowell ;  Col.  Theodore 
Lyman ;  Hon.  E.  R.  Mndge ;  Hon.  Otis  Norcross ;  Francis  Parkman ;  Prof. 
Benjamin  Peirce;  Hon.  H.  L.  Pelrce;  Hon.  F.  O.  Prince;  Hon.  Josiah 
Qnincy ;  Hon.  Alexander  H.  Rice ;  Hon.  Thomas  Talbot ;  Nathaniel  Thayer ; 
Hon.  £.  S.  Tobey ;  Hon.  J.  M.  Wightman;  Hon.  Marshall  P.  Wilder;  Hon. 
Robert  C.  Winthrop;  J.  Huntington  Wolcott. 

Beception  Committee : — Dr.  S.  L.  Abbot ;  J.  S.  Amory ;  Nathan  Appleton, 
Secretary;  T.  G.  Appleton;  W.  S.  Appleton;  E.  Austin;  G.  W.  Bond;  Hon. 
A.  W.  Beard;  Hon.  Martin  Brimmer;  Rev.  Phillips  Brooks;  P.  C.  Brooks; 
J.  Elliot  Cabot;  Dr.  Samuel  Cabot;  Pres.  E.  H.  Capen;  Hon.  Mellen 
Chamberlain ;  George  B.  Chase ;  Rev.  James  Freeman  Clarke ;  Dr.  B.  E. 
Cottlng;  Charles  Deane;  R.  H.  Eddy;  Henry  Edwards;  Dr.  Calvin  Ellis; 
Rev. George  E.  Ellis;  J. T.  Fields;  Charles  L.  Flint;  Hon.  Dwlght  Foster; 
H.W. Fuller;  Thomas Gaffleld ;  W.  W.Greenough;  Rev.  B.  E.  Hale;  Hon. 
Alpheus  Hardy ;  Franklin  Haven ;  Capt.  M.  Haxtun,  U.  S.  N. ;  George  Hig- 
glnson;  Dr.  R.  M.  Hodges;  Dr.  R.  W.  Hooper;  H.  H.  Hunnewell;  M.  P. 
Kennard;  Col.  T.  T.  S.  Laldley,  U.  S.  A.;  Abbott  Lawrence;  Col.  Henry 
Lee ;  Dr.  G.  H.  Lodge ;  Gen.  Charles  G.  Lorlng ;  Augustus  Lowell ;  Rev. 
J.  M.  Manning;  J.  J.  May;  Thomas  Motley;  Prof.  J.  K.  Paine;  O.  W. 
Peabody;  C.  C.  Perkins;  J.  C.  Phillips;  W.  D.  Plckman;  Mayor  F.  O. 
Prince.  Chairman ;  Commodore  G.  M.  Ransom,  U.  S.  N. ;  G.  C.  Richardson ; 
H.  B.  Rogers ;  John  C.  Ropes ;  B.  S.  Rotch ;  Hon.  Leverett  Saltonstall ; 
Prof.  C.  S.  Sargent;  Barthold  Schleslnger;  G.  O.  Shattuck;  Dr.  Benjamin 
S.  Shaw;  Quincy  A.  Shaw;  Dr.  D.  D.  Slade;  S.  B.  Stebbins;  Dr.  D.  H. 
Storer;  G.  W.  Wales;  Dr.  C.  E.  Ware;  S.  D.  Warren;  Pres.  W.  F.  War- 
ren; Rev.  R.  C.  Waterston;  E.  P.  Whipple;  Dr.  J.  C.  White;  Dr.  H.  W. 
Williams;  Roger  Wolcott;  Dr.  E.  S.  Wood;  Mrs.  Louis  Agasslz;  Mrs. 
Ednah  D.  Cheney;  Miss  Lucre tla Crocker ;  Miss  Cora  Clarke;  Mrs.  James 
T.  Fields;  Miss  Ellen  Frothlngham;  Miss  Susan  Hale;  Mrs.  Augustus 
Hemenway;  Mrs.  S.  T.  Hooper;  Mrs.  Julia  Ward  Howe^  Mrs.  Phebe  M. 
Kendall ;  Mrs.  Jonathan  A.  Lane ;  Mrs.  J.  E.  Lodge ;  Miss  Abby  W.  May ; 
Mrs.  R.  H.  Richards ;  Mrs.  C.  C.  Smith ;  Miss  Ticknor ;  Mrs.  S.  D.  Warren ; 
Mrs.  Kate  Gannett  Wells. 

Committee  on  Finance :—T>r.  Robert  Amory;  Hon.  John  Cummin*rs, 
Chairman;  William  Endlcott;  Augustus  Flagg ;  W.  0.  Grover;  Franklin 
Haven;  George  Hlgglnson;  Hamilton  A.  Hill;  E.  W.  Hooper;  H.  P. 
Kidder;  J.  L.  Little;'  Augustus  Lowell;  Hon.  E.  R.  Mudge;  Gen.  Francis 
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XU  LOCAL  COMMITTEE  FOR  THE   BOSTON   MEETING. 

A.  Osborn ;  C.  J.  Paine;  F.  B.  Parker;  F.  H.  Peabody ;  Gen.  C.  L.  Pelrson; 
Gen.  A.  P.  Rockwell ;  M.  D.  Ross ;  Charles  W.  Scudder ;  Charles  James 
Sprague;  Nathaniel  Thayer;  Samuel  Wells,  Secretary, 

Committee  on  JRailroads : — C.  F,  Adams,  Jr. ;  Edward  Atkinson ;  Dr.  J. 
R.  Chadwick,  Secretary;  C.  F.  Choate;  Hon.  John  Cumraings;  Dr.  C.  F. 
Folsom;  C.  W.  Folsom;  William  T.  Hart;  Franklin  Haven;  Dr.  B.  Joy 
Jeffries;  B.  P.  Mann;  Gen.  Francis  A.  Osborn;  E.  B.  Phillips;  Gen.  A. 
P.  Rockwell,  Chairman;  J.  B.  Stearns;  James  P.  Tolman. 

Committee  on  Hotels  and  Lodgings  :—Df.  W.  S.  Bigelow;  E.  T.  Bonvg, 
Secretary;  F.  C.  Bowdltch;  N.  J.  Bradlee;  Edw.  Bnrgess;  Dr.  John 
Dixwell;  Prof.  A.  E.  Dolbear;  Dr.  W.  G.  Farlow;  R.  C.  Greenleaf; 
CurXis  Guild;  G.  W.  Hammond;  J.  B.  Henck,  Jr.;  Dr.  David  Hunt; 
Prof.  C.  L.  Jackson;  Prof.  G.  F.  H.  Markoe;  Prof.  John  P.  Marshall; 
Dr.  C.  S.  Mlnot;  Gen.  Francis  A.  Osborn,  Chairman;  Prof.  G.  A.  Osborne; 

A.  S.  Porter;  H.  A.  Purdie;  Dr.  Thomas  M.  Rotch;  S.  P.  Ruggles;  S.  P. 
Sharpies;  Dr.  F.  C.  Shattuck:  Dr.  J.  C.  Warren;  Prof.  William  Watson; 
Dr.  W.  F.  Whitney ;  Prof.  C.  Whittaker. 

Committee  on  Booms  for  Meetings:  —  Prof.  W.  P.  Atkinson;  L.  S. 
Burbank;  Edw.  Burgess;  W.  O.  Crosby;  Prof.  C.  R.  Cross;  Prof.  F.  H. 
Howison;  Prof.  A.  Hyatt;  Prof.  G.  Lanza;  Prof.  W.  R.  Nichols;  Prof. 
J.  M.  Ordway,  Chaii-man;  Prof.  C.  P.  Otis;  Prof.  R.  H.  Richards,  Sec- 
retary; E.  P.  Seaver;  Homer  B.  Sprague;  Prof.  W.  R.  Ware;  Prof.  C. 
H.  Wing. 

Committee  on  Mails^  Express  and  Telegraph : — Waldo  Adams ;  Prof.  A. 
Graham  Bell;  Dr.  Clarence  J.  Bl^ke,  Secretary;  F.  C.  Bowdltch;  George 
L.  Bradley;  Col.  W.  W.  Clapp;  Prof.  C.  R.  Cross,  Chairman;  James 
Eggleston;  Col.  William  H.  Forbes;  D.  A.  Goddard;  E.  L.  Godkin;  B. 

B.  Haskell;  Col.  T.  W.  Hlgginson;  W.  A.  Hovey;  Gardiner  G.  Hubbard; 
George  F.  Miliken;  Patrick  T.  Jackson;  Col.  R.  M.  Pulsifer;  Waldo  O. 
Ross;  M.  E.  Wadsworth;  Dr.  G.  F.  Waters;  R.  Worthington. 

Committee  on  Excursions: — Edward  Atkinson,  Chairman;  Ernest  W. 
Bowdltch;  Dr.  Henry  P.  Bowdltch,  Secretary;  C.  H.  Dalton;  W.  M. 
Davis,  Jr.;  Dr.  John  Dean;  Dr.  Thomas  Dwight;  Dr.  R.  T.  Edes;  J. 
Rayner  Edmands ;  R.  B.  Forbes ;  James  B.  Francis ;  Dr. .  Samuel  A. 
Green;  Prof.  H.  W.  Haynes;  Prof.  J.  B.  Henck;  Hamilton  A.  Hill;  Dr. 
S.  Kneeland;  H.  F.  Mills;  Prof.  Henry  Mitchell;  Prof.  William  H.  NUes; 
Gen.  F.  W.  Palfrey;  S.  R.  Payson;  E.  S.  Philbrick;  J.  D.  Philbrick;  Dr. 

C.  P.  ?utnam;  Dr.  J.  J.  Putnam;  Dr.  H.  P.  Quincy:  Col.  H.  S.  Russell; 
C.  S.  Storrow;  Dr.  J.  C.  Warren;  Prof.  H.  L.  Whiting;  Dr.  Edward 
Wigglesworth ;  Dr.  C.  H.  Williams. 

Cambridge  Committee: — A.  Agassiz,  Chairman;  Lucien  Carr;  Prof. 
William  Cook;  Prof.  J.  P.  Cooke;  Pres.  C.  W.  Eliot;  Prof.  H.  L.  Eustis; 
Dr.  W.  G.  Farlow;  Prof.  Wolcott  Gibbs;  Dr.  G.  L.  Goodale;  Prof.  Asa 
Gray;  Dr.  H.  A.  Hagen;  Prof.  E.  N.  Horsford;  Prof.  Joseph  Loverlng;, 
Prof.  Benjamin  Peirce;  Prof.  E.  C.  Pickering,  Secretary;  F.  W.  Putnam; 
Prof.  W.  A.  Rogers:  S.  H.  Scudder;  Arthur  Searle;  Prof.  N.  S.  Shaler; 
Prof.  John  Trowbridge;  Sereno  Watson;  Prof.  C.  J.  White;  Prof.  J.  D. 
Whftney;  Justin  Winsor;  Dr.  Morrill  Wyman. 

Salem  Committee ;— Rev.  E.  S.  Atwood ;  Rev.  Edwin  C.  Bolles ;  James 
H.  Emerton;  George  R.  Emmerton;  Hon.  William  C.  Endlcott;  Abner 
C.  Goodell,  Jr. ;  Daniel  B.  Hagar;  Thomas  F.  Hunt;  Rev.  Fielder  Israel; 
Dr.  Amos  H.  Johnson;  Frank  R.  Kimball;  Hon.  James  Kimball;  Hon. 
Otis  P.  Lord;  Dr.  William  Mack;  Richard  C.  Manning,  Secretary;  Prof. 
Edward  S.  Morse;  Gen.  Henry  K.  Oliver;  Francis  Peabody;  S.  Endlcott 
Peabody ;  David  Pingree ;  Robert  S.  Rantoul ;  John  Robinson ;  Jacob  C. 
Rogers;  Gen.  William  Sutton;  Dr.  Henry  Wheatland,  Chairman;  Hon. 
Stephen  G.  Wheatland ;  Capt.  George  M.  Whipple. 

Executive  Committee: — Messrs.  William  B.  Rogers;  F.  W.  Putnam;  C. 
W.  Scudder;  S.  H.  Scudder;  E.  Burgess,  with  the  Chairman  and  Sec- 
retaries of  the  several  special  committees. 
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SPECIAL    COMMITTEES. 


1.  FwrmanetU  CommiUee  on  WeigfUSf  MeoMures  and  Coinage. 


F.  A.  P.  Barnabd^  of  New  York, 
B.  A.  Gould,  of  Boston, 
J.  E.  HiLOARD,  of  Washington, 
H.  A.  NswTON,  of  New  Haven, 
BBNJAMm  Pkibcb,  of  Cambridge, 


WnxLLM  B.  RooBBS,  of  Boston, 
J.  Lawrkncb  Smith,  of  LonisvUle, 
B.  B.  Elliott,  of  Washington, 
John  Tbowbridob,  of  Cambridge, 
A.  M.  Maykr,  of  Hoboken. 


ChmmitUB  to  Munorialisfe  the  Legislature  of  Xew  York  for  a  New 
Survey  of  Niagara  Falls. 


F.  A.  P.  Babnard,  of  New  York, 
Jambs  Hall,  of  Albany, 


O.  W.  Hollbt,  of  Niagara  Falls, 
J.  T.  Gardner,  of  Albany. 


8.   Committee  to  MemorialUte  Congress  and  State  Legislatures  regarding 
the  Cultivation  of  Timbert  and  the  Preservation  of  Fdrests. 


F.  B.  Hough,  of  Lowrille, 
Asa  Orat,  of  Cambridge, 
O.  B.  Embrson,  of  Boston, 
J.  D.  Whitnbt,  of  Cambridge, 


J.  S.  Nbwbbrrt,  of  Cleveland, 
L.  H.  Morgan,  of  Rochester, 
Chas.  Whittlbsbt,  of  Cleveland, 
W.  H.  Brbwbr,  of  New  Haven, 


B.  W.  HiLGARD,  of  Berkeley. 


4.  Committee  on  International  Congress  of  Geologists. 


Jambs  Hall,  of  Albany, 
WiLLUM  B.  Rogers,  of  Boston, 
J.  W.  Dawson,  of  Montreal, 
J.  S.  Nbwbbrrt,  of  New  York, 


T.  Sterrt  Hunt,  of  Montreal, 
C.  H.  Hitchcock,  of  Hanover, 
Raphael  Pumpbllt,  of  Owego, 
J.  P.  Lesley,  of  Philadelphia, 
(xlii) 
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5.   CammiUee  to  MemorialUe  Congress  in  relation  to  the  Yellowstone 
National  Park, 

T.  B.  CoMSTOCK,  of  Ithaca,  I  Geo.  M.  Wheeler,  of  Washington, 

O.  C.  Marsh,  of  New  Haven,  |  J.  W.  Powell,  of  Washington, 

Clarence  Kino,  of  New  York. 


6.   Committee  on  the  Belation  of  Science  to  the  InduUriai  Arts. 

B.  H.  Thurston,  of  Hoboken,  I  J.  T.  Wilder,  of  Chattanooga, 

J.  M.  Safford,  of  Nashville,  |   O.  Chanute,  of  New  York, 

J.  W.  Osborne,  of  Washington. 


7.   Committee  to  Memorialize  Congress  in  relation  to  Meteorological 
Researches. 

EuAS  LooMis,  of  New  Haven,  I   O.  Hinrichs,  of  Iowa  City, 

N.  S.  Shaler,  of  Cambridge,  |  J.  B.  Killkbrew,  of  Nashville, 

J.  W.  Osborne,  of  Washington. 


8.  Committee  to  obtain  Permanent  Funds  for  the  Assodattony  and  to  advise 
toith  Treasurer  and  Permanent  Secretary  on  financial  matters. 

Wm.  B.  Rogers,  of  Boston,  I   Lewis  H.  Morgan,  of  Rochester, 

J.  Lawrence  Smith,  of  Louisville,  |  Alexander  Agassiz,  of  Cambridge, 
Robert  H.  Thurston,  of  Hoboken. 


9.   Committee  on  Membership. 


J.  S.  Newberry,  of  New  York, 
Simon  Newcomb,  of  Washington, 
William  B.  Rogers,  of  Boston, 


J.  D.  Dana,  of  New  Haven, 

J.  Lawrence  Smith,  of  Loulsvllle> 

The  General  Secretary, 


The  Permanent  Secretary. 


10.   Committee  on  Science  Teaching  in  t?ie  Public  Schools. 


E.  L.  YouMANS,  of  New  York, 
A.  R.  Grote,  of  Buffalo, 


J.  W.  Powell,  of  Washington, 
N.  S.  Shaler,  of  Cambridge, 


J.  S.  Newberry,  of  New  York. 


11.   ComrAittee  to  Audit  the  Accounts  of  the  Permanent  Secretary  and 

Treasurer. 

Henry  Wheatland,  of  Salem,         |  Thomas  Meehan,  of  Philadelphia. 
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MSBTIN08.  XVil 

MEETINGS  AND  OFFICERS*  OF  THE  ASSOCIATION  (Con«<nt««d). 


MEET- 
IMO. 

DATS. 

PLAGB. 

PBBSIDBlfT. 

VICB  PRBSIDBirT, 
BBOTION  A. 

a4th 
25th 

aeth 

27th 
28th* 

Aug.  11, 1875, 
Aug.  23, 1878, 
Aug.29,18n, 
Aug.  21, 1878, 
Aug.  27, 1879. 

Detroit,  Mich., 
Buffalo,  N.  Y., 
Nashville,  Tenn., 
St.  Louis.  Mo., 
Saratoga,  N.  T. 

J.  E.  Hilgard, 
William  B.  Bogers, 
Simon  Newcomb, 
O.  C.  Marsh, 
G.  F.  Barker, 

H.  A.  Newton, 
Charles  A.  Toung, 
B.  H.  Thurston,! 
B.  H.  Thurston, 
8.  P.  Langley, 

▼ICB  PRBSIDBNT, 
8BC110N  B. 

CHAIRMAN  OP 
PERMANBNT 

SUBSECTION  C, 
CHBMISTET. 

CHAIRMAN  OP 

PERMANENT 

SUBSECTION  D, 

ANTUROPOLOOT. 

CHAIRMAN  OP 

PERMANBNT 
SUBSECTION  B, 
MICROSCOPY. 

J.  W,  Dawson, 
Edward  8.  Morse, 
O.  C.  Maish, 
Aug.  B.  Grote, 
J.  W.  Powell, 

8.  W.  Johnson, 
George  F.  Barker, 
N.  T.  Lupton, 
F.  W.  Clarke, 
P.  W.  Clarke,* 

L.  H.  Morgan, 
L.  H.  Morgan, 
Daniel  WUson,* 

B.H.  Ward, 
B.  H.  Ward, 
B.  H.  Ward,« 
E.  W.  Morley, 

Daniel  Wilson, 

PERMANENT 
SECRETARY. 

GENERAL 
SECRETARY. 

SECRETARY  OP 
SECTION  A. 

SECRETARY  OP 
SECTION  B. 

F.  W.  Putnam, 

8.  H.  Scudder, 

c  8.  P.  Langley, 
(T.C.  Mendenhall, 

E.  8.  Morse, 

F.  W.  Putnam, 

T.  C.  Mendenhall, 

A.  W.  Wright, 

Albert  H.  Tuttle, 

F.  W.  Putnam, 

Aug.  B.  Grote, 

H.  C.  Bolton, 

Wm.  H.  DaU, 

F.  W.  Putnam, 

H.  C.  Bolton, 

F.  E.  NIpher, 

George  Little, 

F.W.Putnam, 

H.  C.  Bolton,* 

J.  K.  Bees, 

W.  H.  Dall.« 

SECRETARY  OP 
PERMANENT 

SUBSECTION  0, 
CHEMISTRY. 

SECRETARY  OP 

PERMANENT 
SUBSECTION  D, 
ANTHROPOLOGY. 

SECRETARY  OP 
PERMANENT 

SUBSECTION  E, 
MICROSCOPY. 

TREASURER. 

F.W.Clarke, 
H.  C.  Bolton, 
P.  Schweitzer, 
A.  P.  8.  Stuart, 
W.B.  Nichols, 

F.  W.  Putnam, 
O.  T.  Mason, 

-  -  .-  • 

W.  8.  Vaux. 
W.  8.  Vaux. 
W.  8.  Vaux.* 
W.  8.  Vaux.* 
W.  8.  Vaux.* 

E.  W.  Morley, 
T.  O.  Summers,  Jr., 
Qeo.  J.  Engelmann, 
A.  B.  Heryey, 

J.  G.  Henderson, 

*In  the  absence  of  E.  C.  Pickering.       *The  Subsection  united  with  Sec.  B. 

*  In  the  absence  of  G.  8.  Blackie.  *Io  the  absence  of  Ira  Bemfien. 

*  In  the  absence  of  George  Little.  •  In  the  absence  of  A.  C.  Wetherby. 

*Not  present. 
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COMMONWEALTH  OF  MASSACHUSETTS. 


IN  THE  TEAR  ONE  THOUSAND  EIGHT  HUNDRED  AND  SEVENTY-FOUR. 


AN  ACT 

To  Incorporate  the  "  Ahericak  Association    tor   the 
Advancement  of  Science." 

Be  it  enacted  by  the  Senate  and  House  of  Hepresentatives,  in  General  Court 
(ueembledf  and  by  the  authority  of  the  same,  as  follows: 

Section  X.  Joseph  Henry  of  Washington,  Bepjamin  Pierce  of  Cam- 
bridge, James  D.  Dana  of  New  Haven,  James  Hall  of  Albany,  Alexis 
Caswell  of  Providence,  Stephen  Alexander  of  Princeton,  Isaac  Lea  of 
Philadelphia,  F.  A.  P.  Barnard  of  New  York,  John  S.  Newberry  of  Cleve- 
land, B.  A.  Gould  of  Cambridge,  T.  Sterry  Hunt  of  Boston,  Asa  Gray  of 
Cambridge,  J.  Lawrence  Smith  of  Louisville,  Joseph  Lovering  of  Cam- 
bridge and  John  LeConte  of  Philadelphia,  their  associates,  the  officers 
and  members  of  the  Association,  known  as  the  **  American  Association 
for  the  Advancement  of  Science,"  and  their  successors,  are  hereby  made 
a  corporation  by  the  name  of  the  <*  American  Association  for  the 
Advancement  of  Science,"  for  the  purpose  of  receiving,  purchasing, 
holding  and  conveying  real  and  personal  property,  which  it  now  is,  or 
hereafter  may  be  possessed  of,  with  all  the  powers  and  privileges,  and 
subject  to  the  restrictions,  duties  and  liabilities  set  forth  in  the  general 
laws  which  now  or  hereafter  may  be  in  force  and  applicable  to  such  cor- 
porations. 

Section  2.  Said  corporation  may  have  and  hold  by  purchase,  grant, 
gift  or  otherwise,  real  estate  not  exceeding  one  hundred  thousand 
dollars  in  value,  and  personal  estate  of  the  value  of  two  hundred  and 
fifty  thousand  dollars. 

Section  8.  Any  two  of  the  corporators  above  named  are  hereby 
authorized  to  call  the  first  meeting  of  the  said  corporation  in  the  month 
of  August  next  ensuing,  by  notice  thereof  <*by  mall,"  to  each  member  of 
the  said  Association. 

Section  4.    This  act  shall  take  effect  upon  its  passage. 

House  of  HBPRESBNTATiyES,  March  10,  1874. 
Passed  to  be  enacted, 

John  E.  Sanford,  Speaker, 
In  Senate,  March  17, 1874. 

Passed  to  be  enacted,  March  19,  1874. 

Geo.  B.  Lorino,  President.  Approved, 

W.  B.  Washburn. 
Becretary's  Department, 
Boston,  April  8,   1874. 

A  true  copy,  Attest: 

David  Pulsifer, 
Deputy  Secretary  of  the  Commonwealth, 
(xviil) 


Digitized  by  VjOOQ IC 


CONSTITUTION 


OF  THB 


AMERICAN  ASSOCIATION  FOR  THE  ADYANCEl^NT 
OF  SCIENCE. 

Ineoipontod  by  Act  of  the  Qenerml  Court  of  the  Commonwealth  of  KUsMOhiuettt. 


Objbcts. 

Artiolb  1.  The  objects  of  the  Associatioii  are,  by  periodical  and  mi- 
gratory meetings,  to  promote  intercourse  between  those  who  are  colti- 
Yating  science  in  different  parts  of  America,  to  give  a  stronger  and  more 
general  impulse  and  more  systematic  directioifto  scientific  research,  and 
to  procure  for  the  labors  of  scientlflc  men  increased  fiacilities  and  a  wider 
QseAilness. 

MxBtBEBS,  Fellows,  Patrons  and  Hokoraby  Fellows. 

Art.  2.  The  Association  shall  consist  of  Members,  Fellows,  Patrons 
and  Honorary  Fellows. 

Art.  8.  Any  person  may  become  a  Member  of  the  Association  upon 
recommendation  in  writing  by  two  members  or  fellows,  nomination  by 
the  Standing  Committee,  and  election  by  a  minority  of  the  members  and 
fellows  present  in  general  session. 

Art.  4.  Fellows  shall  be  nominated  by  the  Standing  Committee  flrom 
such  of  the  members  as  are  professionally  engaged  in  science,  or  have  by 
their  labors  aided  in  advancing  science.  The  eletction  of  fellows  shall  be 
by  ballot  and  a  minority  vote  of  the  members  and  fellows  present  in  gen- 
eral session.  Bnt  all  persons  who  may  be  members  at  the  time  of  the 
adoption  of  this  constitution  may  become  fellows  by  signifying  their 
desire  to  this  effect  before  the  first  day  of  August,  1875. 

Art.  5.  Any  person  paying  to  the  Association  the  sum  of  one  thousand 
dollars  shall  be  classed  as  a  Patron,  and  shall  be  entitled  to  all  the 
privileges  of  a  member  and  to  all  its  publications. 

(xix) 
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XX  OOKSTITUTIOV 

Abt.  6.  Honorary  Fellows  of  the  Association,  to  the  number  of  ten  fbr 
each  section,  may  be  elected;  the  nominations  to  be  made  by  the  Stand- 
ing Committee  and  approved  by  ballot  in  the  respective  sections  before 
election  by  ballot  in  general  session.  Honorary  Fellows  shall  be  entitled 
to  all  the  privileges  of  fellows  and  shall  be  exempt  firom  all  fees  and  as- 
sessments, and  entitled  to  all  pablications  of  the  Association  issued  after 
the  date  of  their  election. 

Art.  7.  The  name  of  any  member  or  fellow  two  years  in  arrears  tor 
annual  dues  shall  be  erased  Arom  the  list  of  the  Association,  provided  that 
two  notices  of  indebtedness,  at  an  interval  of  at  least  three  months,  shall 
have  been  given ;  and  no  such  person  shall  be  restored  until  he  has  paid 
his  arrearages  or  has  been  reelected. 

Art.  8.  Ko  member  or  fellow  shall  take  part  in  the  organization  oi' 
business  of  both  sections  at  the  same  meeting. 

Officers. 

Art.  9.  The  Officers  of  the  Association  shall  be  elected  by  ballot  in 
general  session  flrom  the 'fellows  and  shall  consist  of  a  President,  two 
Vice  Presidents,  a  Qeneral  Secretary,  a  Permanent  Secretary,  a  Treas- 
urer, a  Secretary  of  Section  A,  and  a  Secretary  of  Section  B ;  these,  with 
the  exception  of  the  Permanent  Secretary,  shall  be  elected  at  each  meet- 
ing for  the  following  one,  and,  with  the  exception  of  the  Treasurer  and 
the  Permanent  Secretary,  shall  not  be  reCliglble  for  the  next  two  meet- 
ings.   The  Permanent  Secretary  shall  be  elected  at  each  fifth  meeting. 

Art.  10.  The  President,  or,  in  his  absence,  one  of  the  Vice  Presidents, 
shall  preside  at  all  general  sessions  of  the  Association  and  at  all  meetings 
of  the  Standing  Committee.  It  shall  also  be  the  duty  of  the  President  to 
give  an  address  at  a  general  session  of  the  Association  at  the  meeting 
following  that  over  which  he  presided. 

Art.  11.  The  Vice  Presidents  shall  be  the  presiding  officers  of  Sections 
A  and  B,  and  of  the  Sectional  Committees,  and  it  shall  be  part  of  their 
duty  to  give  an  address,  each  before  his  respective  section,  at  such  time 
as  the  section  shall  determine.  The  Vice  Presidents  may  request  their 
respective  sections  to  appoint  temporary  chairmen  to  preside  over  the. 
sessions  of  the  sections,  but  shall  not  delegate  their  other  duties. 

Art.  12.  The  General  Secretary  shall  be  the  Secretary  of  all  general 
sessions  of  the  Association,  and  of  all  sessions  of  the  Standing  Com- 
^littee,  and  shall  keep  a  record  of  the  business  of  these  sessions.    He 
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shall  receive  the  records  flrom  the  Secretaries  of  the  Sections,  which, 
after  examination,  he  shall  transmit  with  his  own  records  to  the  Perma- 
nent Secretary  within  two  weeks  after  the  a^Jonmment  of  the  meeting. 
He  shall  receive  proposals  for  membership  and  bring  them  before  the 
Standing  Committee.  He  shall  give  to  the  Secretary  of  each  Section  the 
list  of  papers  assigned  to  it  by  the  Standing  Committee. 

Abt.  18.  The  Permanent  Secretary  shall  be  the  executive  officer  of  the 
Association  nnder  the  direction  of  the  Standing  Committee.  He  shall 
attend  to  all  business  not  specially  referred  to  committees  nor  otherwise 
constitutionally  provided  for.  He  shall  keep  an  account  of  all  business 
that  he  has  transacted  for  the  Association,  and  make  annually  at  the  first 
meeting  of  the  Standing  Committee,  a  report  which  shall  be  laid  befbre 
the  Association.  He  shall  attend  to  the  printing  and  distribution  of  the 
annual  volume  of  Proceedings,  and  all  other  printing  ordered  by  the  As- 
sociation. He  shall  issue  a  circular  of  information  to  members  and 
fellows  at  least  four  months  before  each  meeting,  and  shall,  in  connection 
with  the  Local  Committee,  make  all  necessary  arrangements  for  the 
meetings  of  the  Association.  He  shall  provide  the  Secretaries  of  the 
Association  with  such  books  and  stationery  as  may  be  required  for  their 
records  and  business,  and  shall  provide  members  and  fellows  with  such 
blank  forms  as  may  be  required  for  facilitating  the  business  of  the  Asso- 
ciation. He  shall  collect  all  assessments  and  admission  fees,  and  notify 
members  and  fellows  of  their  election,  and  of  any  arrearages.  He  shall 
receive,  and  bring  before  the  Standing  Committee,  the  titles  and  abstracts 
of  papers  proposed  to  be  read  before  the  Association.  He  shall  keep  an 
account  of  all  receipts  and  expenditures  of  the  Association,  and  report 
the  same  annually  at  the  first  meeting  of  the  Standing  Committee,  and, 
at  the  close  of  each  year,  shall  pay  over  to  the  Treasurer  such  unexpended 
fknds  as  the  Standing  Committee  may  direct.  He  shall  receive  and  hold 
in  trust  for  the  Association  all  books,  pamphlets  and  manuscripts  be- 
longing to  the  Association,  and  allow  the  use  of  the  same  under  the  pro- 
visions of  the  Constitution  and  the  orders  of  the  Standing  Committee. 
He  shall  receive  all  communications  addressed  to  the  Association  during 
the  Interval  between  meetings,  and  properly  attend  to  the  same.  He 
shall  at  each  meeting  report  the  names  of  fellows  and  members  who 
have  died  since  the  preceding  meeting.  He  shall  be  allowed  a  salary 
which  shall  be  determined  by  the  Standing  Committee,  and  may  employ  a 
clerk  at  such  compensation  as  may  be  agreed  upon  by  the  Standing  Com- 
mittee. 
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Abt.  14.  The  Treasurer  shall  Invest  the  ftinds  received  by  him  in  snoh 
securities  as  may  be  directed  by  the  Standing  Committee.  He  shall 
•annually  present  to  the  Standing  Committee  an  account  of  the  ftinds  in 
his  charge.  No  expenditure  of  the  principal  in  the  hands  of  the  Treas- 
urer shall  be  made  without  a  unanimous  vote  of  the  Standing  Committee, 
and  no  expenditure  of  the  Income  received  by  the  Treasurer  shall  be 
made  without  a  two-thirds  vote  of  the  Standing  Committee. 

Art.  15.  The  Secretaries  of  Sections  A  and  B  shall  keep  the  records 
of  their  respective  sections,  and,  at  the  close  of  the  meeting,  give  the 
same,  including  the  records  of  subsections,  to  the  General  Secretaiy. 
They  shall  also  be  the  secretaries  of  the  sectional  committees. 

Abt.  16.  In  case  of  a  vacancy  in  the  office  of  the  President,  one  of  the 
Vice  Presidents  shall  be  elected  by  the  Standing  Committee  as  the  Presi- 
dent of  the  meeting.  Vacancies  in.  the  offices  of  Vice  President,  General 
Secretary,  Permanent  Secretaiy  and  Treasurer,  shall  be  filled  by  nomina- 
tion of  the  Standing  Committee  and  election  by  ballot  in  general  session. 
A  vacancy  in  the  office  of  Secretary  of  a  Section  shall  be  filled  by  nomi- 
nation and  election  by  ballot  in  the  section. 

Art.  17.  The  Standing  Committee  shall  consist  of  the  past  Presidents, 
the  Presideut,  the  Vice  Presidents,  the  four  Secretaries,  the  Treasurer, 
with  the  above  named  officers  of  the  preceding  meeting,  and  six  fellows 
elected  by  ballot  after  open  nomination  at  the  first  general  session.  The 
members  present  at  any  regularly  called  meeting  of  the  Committee,  pro- 
vided there  are  at  least  five,  shall  form  a  quorum  for  the  transaction  of 
business.  The  Standing  Committee  shall  meet  on  the  day  preceding 
each  annual  meeting  of  the  Association,  and  arrange  the  programme  for 
the  first  day  of  the  sessions.  The  time  and  place  of  this  first  meeting 
shall  be  designated  by  the  Permanent  Secretary.  Unless  otherwise  agreed 
upon,  regular  meetings  of  the  Committee  shall  be  held  in  the  com- 
mittee room  at  9  o'clock,  a.m.,  on  each  day  of  the  meeting  of  the  Asso- 
ciation. Special  meetings  of  the  Committee  may  be  called  at  any  time 
by  the  President.  The  Standing  Committee  shall  be  the  board  of  super- 
vision of  tlie  Association,  and  no  business  shall  be  transacted  by  the 
Association  that  has  not  first  been  referred  to,  or  originated  with,  the 
Committee.  The  special  business  of  the  Committee  shall  be :  to  receive 
and  assign  papers  to  the  respective  sections ;  to  examine  and,  if  neces- 
sary, to  exclude  papers ;  to  decide  which  papers,  discussions  and  other 
proceedings  shall  be  published,  and  to  have  the  general  direction  of 
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the  pabllcations  of  the  Association;  to  manage  the  financial  aflkdrs  of  the 
Association;  to  arrange  the  business  and  programmes  for  general  ses- 
sions ;  to  appoint  general  sessions  for  the  evening ;  to  suggest  subjects 
for  discussion,  investigation  or  reports;  to  nominate  members  and 
fellows ;  to  receive  and  act  upon  all  invitations  extended  to  the  Associa- 
tion and  report  the  same  at  a  general  session  of  the  Association. 

Abt.  18.  The  Nominating  Committee  shall  consist  of  the  Standing 
Committee,  and  four  members  or  fellows  elected  by  each  of  the 
sections.  It  shall  be  the  duty  of  this  Committee  to  meet  at  the  call  of 
the  President  and  nominate  the  general  officers  for  the  following  meeting 
of  the  Association.  It  shall  also  be  the  duty  of  this  Committee  to  rec 
ommend  the  time  and  place  for  the  next  meeting.  The  Vice  Presidents 
and  Secretariea  of  the  Sections  shall  be  recommended  to  the  Nominating 
Committee  by  sub-committees  consisting  of  the  Vice  Presidents  and 
Secretaries,  and  the  four  persons  elected  by  each  section  under  the  first 
clause  of  this  article. 

MixTiMoa. 

Art.  19.  The  Association  shall  hold  public  meetings  annually,  for  one 
week  or  longer,  at  such  time  and  place  as  may  be  determined  by  vote  of 
the  Association,  and  the  preliminary  arrangements  for  each  meeting 
shall  be  made  by  the  Local  Committee,  In  conjunction  with  the  Perma- 
nent Secretary  and  such  other  persons  as  the  Standing  Committee  may 
designate. 

Art.  20.  General  Sessions  shall  be  held  at  10  o'clock,  ▲.  m.,  unless 
otherwise  ordered,  on  every  day  of  the  meeting,  Sunday  excepted,  and 
at  such  other  times  as  may  be  appointed  by  the  Standing  Committee. 

SbOTIONS  and   SUBSBOnONS. 

Art.  21.  The  Association  shall  be  divided  Into  two  Sections,  namely : 
A  (^Mathematics,  Astronomy ,  Physics,  Chemistry  and  Mneralogy)  and  B 
(Geology,  Zoology,  Botany  and  Anthropology),  Either  Section  may,  at 
its  pleasure,  form  temporary  or  permanent  subsections  for  the  reading  of 
papers. 

Art.  22.  Immediately  on  the  organization  of  a  Section  there  shall  be 
three  fellows  elected  by  ballot  after  open  nomination,  who,  with  the 
Vice  President  and  Secretary,  and  the  Chairman  and  Secretary  of  the 
subsections,  shall  form  its  Sectional  Committee.    The  Sectional  Com« 
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mittees  shall  have  power  to  fill  vacanciea  in  their  own  numbers.    There 
shall  be  no  sectional  meeting  during  a  general  session. 

Art.  23.  When  any  Subsection  organizes,  It  shall  elect  a  Chairman  and 
Secretary  and  report  the  result  to  the  Secretary  of  Its  Section.  The  Sec- 
retary of  a  Subsection  shall,  at  the  close  of  the  meeting,  transmit  his 
records  to  the  Secretary  of  the  Section.  Any  Permanent  Subsection  may 
elect  its  Chairman  for  the  ensuing  meeting. 

Art.  24.  Ko  paper  shall  be  read  in  any  Section  or  Subsection  until  it  has 
been  placed  on  the  programme  of  the  day  by  the  Sectional  Committees. 

SeCTIOMAL  COMMrrTBBS. 

Art.  25.  The  Sectional  Committees  shall  arrange  and  direct  the  busi- 
ness of  their  respective  sections.  They  shall  prepare'  the  daily  pro- 
grammes and  give  them  to  the  Permanent  Secretary  for  printing  at  the 
earliest  moment  practicable.  Ko  titles  of  papers  shall  be  entered  on  the 
daily  programmes  except  such  as  have  passed  the  Standing  Committee. 
No  change  shall  be  made  in  the  programme  for  the  day  without  the 
consent  of  the  Sectional  Committee.  The  Sectional  Committees  may  re- 
ftise  to  place  the  title  of  any  paper  on  the  programme ;  but  every  such 
title,  with  the  abstract  of  the  paper  or  the  paper  itself  must  be  returned 
to  the  Standing  Committee  with  the  reasons  why  it  was  refused. 

Art.  26.  The  Sectional  Committees  shall  examine  all  papers  and  ab- 
stracts referred  to  the  sections,  and  they  shall  not  place  on  the  pro- 
gramme any  paper  iuconsistent  with  the  character  of  the  Association; 
and  to  this  end  they  have  power  to  call  for  any  paper,  the  character  of 
which  may  not  be  sufficiently  understood  Arom  the  abstract  submitted. 

PaPRRS  and  COMMimiCATIONS. 

Art.  27.  All  members  and  fellows  must  forward  to  the  Permanent 
Secretary,  as  early  as  possible,  and  when  practicable  before  the  conven- 
ing of  the  Association,  ftiU  titles  of  all  the  papers  which  they  propose  to 
present  during  the  meeting,  with  a  statement  of  the  time  that  each  will 
occupy  in  delivery,  and  also  such  abstracts  of  their  contents  as  will  give 
a  general  idea  of  their  nature;  and  no  title  shall  be  referred  by  the* 
Standing  Committee  to  the  Sectional  Committee  until  an  abstract  of  the 
paper  or  the  paper  itself  has  been  received. 

Art.  28.  If  the  author  of  any  paper  be  not  ready  at  the  time  assigned, 
the  title  may  be  dropped  to  the  bottom  of  the  list. 
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BbPORTS  or  MSBTINOS. 

AsT.  29.  Whenever  practicable,  the  proceedings  and  discussions  at 
general  sessions,  sections  and  subsections  shall  be  reported  by  profes- 
sional reporters,  but  such  reports  shall  not  appear  in  print  as  the  official 
reports  of  the  Association  unless  revised  by  the  secretaries. 

Printed  Proceedings. 

Art.  80.  The  Permanent  Secretary  shall  have  the  Proceedings  of  each 
meeting  printed  in  an  octavo  volume  as  soon  after  the  meeting  as  possible, 
beginning  one  month  after  a^Jonmment.  Authors  must  prepare  their 
papers  ready  for  the  press  and  forward  them  to  the  Permanent  Secretary 
within  this  interval,  otherwise  only  the  abstracts  or  titles  will  appear  in 
the  printed  volumes.  The  Standing  Committee  shall  have  power  to  print 
an  abstract  only  of  any  paper.  Whenever  practicable,  proofs  shall  be 
forwarded  to  authors  for  revision.  If  any  additions  or  substantial  altera 
ations  are  made  by  the  author  of  a  paper  after  Its  submission  to  the 
Secretary,  the  same  shall  be  distinctly  indicated.  Illustrations  must  be 
provided  for  by  the  authors  of  the  papers,  or  by  a  special  appropriation 
firom  the  Standing  Committee.  Immediately  on  publication  of  the  volume, 
a  copy  shall  be  forwarded  to  every  member  and  fellow  of  the  Association 
who  ahall  have  paid  the  assessment  for  the  meeting  to  which  it  relates, 
and  it  shall  also  be  offered  for  sale  by  the  Permanent  Secretary  at  such 
price  as  may  be  determined  by  the  Standing  Committee.  The  Standing 
Committee  shall  also  designate  the  institutions  to  which  copies  shall  be 
distributed. 

Local  Committeb. 

•  Abt.  81.  The  Local  Committee  shall  consist  of  persons  interested  in 
the  objects  of  the  Association  and  residing  at  or  near  the  place  of  the 
proposed  meeting.  It  is  expected  that  the  Local  Committee,  assisted  by 
the  officers  of  the  Association,  will  make  all  essential  arrangements  for 
the  meeting,  and  issue  a  circular  giving  necessaiy  particulars,  at  least 
one  month  before  the  meeting. 

LiBRART  or  THE  ASSOCIATION. 

Art.  82.  All  books  and  pamphlets  received  by  the  Association  shall  be 
in  the  charge  of  the  Permanent  Secretary,  who  shall  have  a  list  of  the 
same  printed  and  shall  fhmish  a  copy  to  any  member  or  fellow  on  appli- 
cation.   Members  and  fellows  who  have  paid  their  assessments  in  ftiU 
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shall  be  allowed  to  call  for  books  and  pamphlets,  which  shall  be  dellTered 
to  them  at  their  expense,  on  their  giring  a  receipt  agreeing  to  make 
good  any  loss  or  damage  and  to  return  the  same  tree  of  expense  to  the 
Secretary  at  the  time  specified  in  the  receipt  given.  All  books  and  pam- 
phlets in  circulation  must  be  returned  at  each  meeting,  or  the  value  of 
any  not  so  returned  paid  to  the  Permanent  Secretary.  Not  more  than 
ten  books,  including  volumes,  parts  of  volumes,  and  pamphlets,  shall  be 
held  at  one  time  by  any  member  or  fellow.  Any  book  may  be  withheld 
from  circulation  by  order  of  the  Standing  Committee. 

Adiossiox  Fbb  Ain>  Absessmemts. 

Art.  88.  The  admission  fee  for  members  shall  be  five  dollars  in  addi« 
tion  to  the  annual  assessment.  On  the  election  of  any  member  as  a 
fellow  an  additional  fee  of  two  dollars  shall  be  paid. 

Art.  84.  The  annual  assessment  for  members  and  fellows  shaE  be 
three  dollars. 

Art.  85.  Any  member  or  fellow  who  shall  pay  the  sum  of  fifty  dollars 
to  the  Association,  at  any  one  time,  shall  become  a  Life  Member  and 
as  such  shall  be  exempt  ftrom  all  ftirther  assessments,  and  shall  be  enti- 
tled to  the  Proceedings  of  the  Association.  All  money  thus  received 
shall  be  invested  as  a  permanent  fhnd,  the  income  of  which  shall  be  used 
only  to  assist  in  original  research,  unless  otherwise  directed  by  unani- 
mous vote  of  the  Standing  Committee. 

Art.  86.  All  admission  fees  and  assessments  must  be  paid  to  the  Per- 
manent Secretary,  who  shall  give  proper  receipts  for  the  same. 

AOOOUNTS. 

Art.  87.  The  accounts  of  the  Permanent  Secretary  and  of  the  Treas- 
urer shall  be  audited  annually,  by  two  auditors  appointed  by  the  Stand- 
ing Committee. 

Alterations  of  the  CoNSTmrnoN. 

Art.  S8.  No  part  of  this  Constitution  shall  be  amended  or  annulled, 
without  the  concurrence  of  three-fourths  of  the  members  and  fellows 
present  in  general  session,  after  notice  given  at  a  general  session  of  a 
preceding  meeting  of  the  Association* 
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ORDER  OF  PROCEEDINGS 


ORaANlZING  A  MEETING. 


1.  The  retirlDg  President  introduces  the  President  elect,  who  takes  the 

chair. 

2.  Formalities  of  welcome  of  the  Association  as  may  be  arranged  by 

the  Local  Committee. 

8.  Report  of  the  list  of  papers  on  the  register  and  their  reference  to 
the  Sections. 

4.  Other  reports. 

5.  Announcements  of  arrangements  by  the  Local  Committee. 

6.  Elections  to  complete  the  Standing  Committee. 

7.  Election  of  members. 

8.  Election  of  fellows. 

9.  Unenmnerated  business. 

10.  Adjournment  to  meet  in  Sections. 

This  order,  so  far  as  applicable,  to  be  followed  in  subsequent  General 
Sessions.  ' 

(xxvii) 
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AMERICAN  ASSOCIATION 


ADVANCEMENT  OF  SCIENCE.^ 


PATRON.* 

THOBffPSON,  Mrs.  Elizabbth,  Stamford,  Conn.  (22).    (Entitled  to  snnaal 
Yolame.) 

MEMBERS.* 

Abbot,  Miss  Elizabeth  0.,  16  Clark  St.,  Cincinnati,  Ohio  (20). 

Acker,  E.  O'C,  U.  S.  N.,  Norristown,  Pa.  (28). 
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Alkin,  Prof.  W.  E.  A.,  Baltimore,  Md.  (12). 

Albert,  Augustus  J.,  Baltimore,  Md.  (12). 

Allen,  Edmund  T;,  419  Olive  St.,  St.  Lonls,  Mo.  (27). 

Allen,  Gerard  B.,  cor.  2nd  and  Carr  streets,  St.  Louis,  Mo.  (27). 

Allen,  J.  M.,  Hartford,  Conn.  (22). 

Allen,  Hon.  Thomas,  St.  Louis,  Mo.  (27). 
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Pa.  (28). 
Armsby,  Henry  P.,  Box  495,  New  Haven,  Conn.  (23). 

^  The  numbers  in  parentheses  Indicate  the  meeting  at  which  the  member  was  elected. 
The  Constitution  requires  that  the  names  of  all  members  two  or  more  years  in  arrears 
shall  be  omitted  Arom  the  list,  but  their  names  will  be  restored  on  payment  of  ar> 
rearages.    Members  not  in  arrears  are  entitled  to  the  annual  yolume  of  Proceedings. 

>  Persons  contributing  one  thousand  dollars  or  more  to  the  Association  are  classed 
as  Patrons,  and  are  entitled  to  the  privileges  of  members  and  to  the  publications. 

•Any  Member  or  Fellow  may  become  a  Life  Member  by  the  payment  of  fifty  doUart. 
The  money  derived  trom  Life  Memberships  is  invested  as  a  ftmd,  the  income  of  which 
Is  to  be  used  only  to  aid  in  original  research.  Life  Members  are  exempt  fh>m  the 
annual  assessment,  and  are  entitled  to  the  annual  volume.  The  names  of  Life  Mem- 
bers are  printed  in  small  capitals  in  the  regular  list  of  Members  and  Fellows. 
(xxviU) 
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ADDRESS 

ov 

Pbopbssob   O.    C.    MAKSH, 

THB  RETIRING  PRESIDENT  OF  THE  ASSOCIATION. 


Ladies  and  Gentlemen:  — 

In  the  rapid  progress  of  knowledge,  we  are  constantly  brought 
face  to  face  with  the  question,  What  is  Life  ?  The  answer  is  not 
yet,  but  a  thousand  earnest  seekers  after  truth  seem  to  be  slowly 
approaching  a  solution.  This  question  gives  a  new  interest  to 
every  department  of  science  that  relates  to  life  in  any  form,  and 
the  history  of  life  offers  a  most  suggestive  field  for  research.  One 
line  of  investigation  lies  through  embryology,  and  here  the  advance 
is  most  encouraging.  Another  promising  path  leads  back  through 
the  life  history  of  the  globe,  and  in  this  direction  we  may  hope  for 
increasing  light,  as  a  reward  for  patient  work. 

The  plants  and  animals  now  living  on  the  earth  interest  alike 
the  savage  and  the  savant,  and  hence  have  been  carefully  observed 
in  every  age  of  human  history.  The  life  of  the  remote  past, 
however,  is  preserved  only  in  scanty  records,  buried  in  the 
earth,  and  therefore  readily  escapes  attention.  For  these  reasons, 
the  study  of  ancient  life  is  one  of  the  latest  of  modern  sciences, 
and  among  the  most  difficult.  In  view  of  the  great  advances 
which  this  department  of  knowledge  has  made  within  the  last 
decade,  especially  in  this  country,  I  have  thought  it  fitting  to  the 
▲.  ▲.  ▲.  8.,  VOL.  xxvm.  I 
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present  occasion  to  review  briefly  its  development,  and  have 
chosen  for  my  subject  this  evening,  The  History  and  Methods 
OF  Pal^ontological  Discovert. 

In  the  short  time  now  at  my  command,  I  can  only  attempt  to 
present  a  rapid  sketch  of  the  principal  steps  in  the  progress  of 
this  science.  The  literature  of  the  subject,  especially  in  connec- 
tion with  the  discussions  it  provoked,  is  voluminous,  and  an 
outline  of  the  history  itself  must  suffice  for  my  present  purpose. 

In  looking  over  the  records  of  Palaeontology,  its  history  may 
conveniently  be  divided  into  four  periods,  well  marked  by  promi- 
nent features,  but,  like  all  stages  of  intellectual  growth,  without 
definite  boundaries. 

The  first  pej-iod^  dating  back  to  the  time  when  men  first  noticed 
fossil  remains  in  the  rocks,  and  queried  as  to  their  nature,  is  of 
special  historic  interest.  The  most  prominent  characteristic  of 
this*period  was,  a  long  and  bitter  contest  as  to  the  nature  of  fossil 
remains.  Were  they  mere  "  sports  of  Nature,"  or  had  they  once 
been  endowed  with  life?  Simple  as  this  problem  now  seems, 
xjenturies  passed  before  the  wise  men  of  that  time  were  agreed 
upon  its  solution. 

Sea  shells  in  the  solid  rock  on  the  tops  of  mountains  early 
attracted  the  attention  of  the  ancients,  and  the  learned  men  among 
them  seem  to  have  appreciated  in  some  instances  their  true 
character,  and  given  rational  explanations  of  their  presence. 

The  philosopher  Zenophanes,  of  Colophon,  who  lived  about  500 
B.  C,  mentions  the  remains  of  fishes  and  other  animals  in  the 
stone  quarries  near  Syracuse,  the  impression  of  an  anchovy  in 
the  rock  of  Paros,  and  various  marine  fossils  at  other  places. 
*  His  conclusion  from  these  facts  was,  that  the  surface  of  the  earth 
had  once  been  in  a  soft  condition  at  the  bottom  of  the  sea ;  and 
thus  the  objects  mentioned  were  entombed.  Herodotus,  half  a 
century  later,  speaks  of  marine  shells  on  the  hills  of  Egypt,  and 
over  the  Libyan  desert,  and  he  inferred  therefrom  that  the  sea  had 
once  covered  that  whole  region.  Empedocles,  of  Agrigentum 
(450  B.  €.),  believed  that  the  many  hippopotamus  bones  found  in 
Sicily  were  remains  of  human  giants,  in  comparison  with  which 
the  present  race  were  as  children.  Here,  he  thought,  was  a 
battle  field  between  the  gods   and  the  Titans,  and  the  bones 
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belonged  to  the  slain.  Pythagoras  (582  B.  C.)  had  already 
anticipated  one  conclusion  of  modern  geology,  if  the  following 
statement,  attributed  to  him  by  Ovid,  was  his  own :  ^ 

Tidi  ego  quod  Aierat  qnondam  Bolidlssima  tellaa, 
EsBo  fretum :  ▼idi  thct&s  ex  eqnore  terras ; 
,  Et  procal  a  pelago  conchas  Jacuere  marina. 

Aristotle  (384-322  B.  C.)  was  not  only  aware  of  the  existence 
of  fossils  in  the  rocks,  but  has  also  placed  on  record  sagacious 
views  as  to  the  changes  in  the  earth's  surface  necessary  to  account 
for  them.  In  the  second  book  of  his  Meteorics,  he  says :  "  The 
changes  of  the  earth  are  so  slow  in  comparison  to  the  duration  of 
our  lives,  that  they  are  overlooked ;  and  the  migrations  of  people 
after  great  catastrophes  and  their  removal  to  other  regions,  cause 
the  event  to  be  forgotten."  Again,  in  the  same  work,  he  says : 
*^As  time  never  fails,  and  the  universe  is  eternal,  neither  the 
Tanais,  nor  the  Nile,  can  have  flowed  forever.  The  places  where 
they  rise  were  once  dry,  and  there  is  a  limit  to  their  operations : 
but  there  is  none  to  time.  So  of  all  other  rivers  ;  they  spring  up, 
and  they  perish ;  and  the  sea  also  continually  deserts  some  lands 
and  invades  others.  The  same  tracts,  therefore,  of  the  earth  are 
not,  some  always  sea,  and  others  always  continents,  but  everything 
changes  in  the  course  of  time." 

Aristotle's  views  on  the  subject  of  spontaneous  generation  were 
less  sound,  and  his  doctrines  on  this  subject  exerted  a  powerful 
influence  for  the  succeeding  twenty  centuries.  In  the  long  dis- 
cussion that  followed  concerning  the  nature  of  fossil  remains, 
Aristotle's  views  were  paramount.  He  believed  that  animals 
could  originate  from  moist  earth  or  the  slime  of  rivers,  and  this 
seemed  to  the  people  of  that  period  a  much  simpler  way  of 
accounting  for  the  remains  of  animals  in  the  rocks,  than  the 
marvellous  changes  of  sea  and  land  otherwise  required  to  explain 
their  presence.  Aristotle's  opinion  was  in  accordance  with  the 
Biblical  account  of  the  creation  of  Man  out  of  the  dust  of  the 
earth,  and  hence  more  readily  obtained  credence. 

Theophrastus,  a  pupil  of  Aristotle,  alludes  to  fossil  fishes  found 
near  Heraclea,  in  Pontus,  and  in  Paphlagonia,  and  says :  '*  They 
were  either  developed  from  fish  spawn  left  behind  in  the  earth,  or 
gone  astray  from  rivers  or  the  sea  into  cavities  of  the  eai*th,  where 

>  Metamorphoses,  Liber  XY,  263. 
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they  had  become  petrified."  Iiji  treating  of  fossil  ivory  and  bones, 
the  same  writer  supposed  them  to  be  produced  by  a  certain  plastic 
virtue  latent  in  the  earth.  To  this  same  cause,  as  we  shall  see, 
many  later  authors  attributed  the  origin  of  all  fossil  remains. 

Previous  to  this,  Anaximander,  the  Miletian  philosopher,  who 
was  born  about  610  years  before  Christ,  had  expressed  essentially 
the  same  view.  According  to  both  Plutarch  and  Censorinus, 
Anaximander  taught  that  fishes,  or  animals  very  like  fishes,  sprang 
from  heated  water  and  earth,  and  from  these  animals  came  the 
human  race ;  a  statement  which  can  hardly  be  considered  as  an- 
ticipating the  modern  idea  of  evolution,  as  some  authors  have 
imagined. 

The  Romans  added  but  little  to  the  knowledge  possessed  by 
the  Greeks  in  regard  to  fossil  remains.  Pliny  (23-79  A.  D.), 
however,  seems  to  have  examined  such  objects  with  interest,  and 
in  his  renowned  work  on  Natural  History  gave  names  to  several 
forms.  He  doubtless  borrowed  largely  from  Theophrastus,  who 
wrote  about  three  hundred  years  before.  Among  the  objects 
named  by  Pliny  were,  "Bwcardia,  like  to  an  ox's  heart;" 
"  JBroniia,  resembling  the  head  of  a  tortoise,  supposed  to  fall  in 
thunder  storms ;"  ^^  Glossoptra^  similar  to  a  human  tongue,  which 
does  not  grow  in  the  earth,  but  falls  from  heaven  while  the  moon 
is  eclipsed ; "  "  the  Horn  of  Ammon,  possessing,  with  a  golden 
color,  the  figure  of  a  ram's  horn ;  "  Ceraunia  and  Omhria^  supposed 
to  be  thunderbolts;  Ostracites^  resembling  the  oyster  shell; 
SpongiteSy  having  the  form  of  sponge ;  PhyciteSj  similar  to  sea- 
weed or  rushes.  He  also  mentions  stones  resembling  the  teeth  of 
hippopotamus ;  and  ^ays  that  Theophrastus  speaks  of  fossil  ivory, 
both  black  and  white,  of  bones  born  in  the  earth,  and  of  stones 
bearing  the  figure  of  bones. 

TertuUian  (160  A.  D.)  mentions  instances  of  the  remains  of 
sea  animals  on  the  mountains,  far  from  the  sea,  but  uses  them  as 
a  proof  of  the  general  deluge  recorded  in  Scripture. 

During  the  next  thirteen  or  fourteen  centuries,  fossil  remains  of 
animals  and  plants  seemed  to  have  attracted  so  little  attention, 
that  few  references  are  made  to  them  by  the  writers  of  this  period. 
During  these  ages  of  darkness,  all  departments  of  knowledge 
suffered  alike,  and  feeble  repetitions  of  ideas  derived  from  the 
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ancients  seem  to  have  been  about  the  only  contributions  of  that 
period  to  Natural  Science. 

Albert  the  Great  (1205-1280  A.  D.)i  the  most  learned  man  of 
his  time,  mentions  that  a  branch  of  a  tree  was  found,  on  which 
was  a  bird's  nest  containing  birds,  the  whole  being  solid  stone. 
He  accounted  for  this  strange  phenomenon  by  the  vis  formativa  of 
Aristotle,  an  occult  force,  which,  according  to  the  prevalent 
notions  of  the  time,  was  capable  of  forming  most  of  the  extraor- 
dinary objects  discovered  in  the  earth. 

Alexander  ab  Alexandra^  of  Naples,  states  that  he  saw,  in  the 
mountains  of  Calabria,  a  considerable  distance  fVom  the  sea,  a 
yariegated  hard  marble,  in  which  many  sea  shells  but  little 
changed  were  heaped,  forming  one  mass  with  the  marble. 

With  the  beginning  of  the  sixteenth  century,  a  great  impetus 
was  given  to  the  investigation  of  organic  fossils,  especially  in 
Italy,  where  this  study  really  began.  The  discovery  of  fossil 
shells,  which  abound  in  this  region,  now  attracted  great  attention, 
and  a  fierce  discussion  soon  arose  as  to  the  true  nature  of  these 
and  other  remains.  The  ideas  of  Aristotle  in  regard  to  spon« 
taneous  generation,  and  especially  his  view  of  the  hidden  forces 
of  the  earth,  which  he  claimed  had  power  to  produce  such  remains, 
now  for  the  first  time  were  seriously  questioned,  although  it  was 
not  till  nearly  two  centuries  later  that  these  doctrines  lost  their 
dominant  influence. 

Leonardo  da  Vinci,  the  renowned  painter  and  philosopher,  who 
was  bom  in  1452,  strongly  opposed  the  commonly  accepted 
opinions  as  to  the  origin  of  organized  fossils.  He  claifned  that 
the  fossil  shells  under  discussion  were  what  they  seemed,  and  had 
once  lived  at  the  bottom  of  the  sea.  ''You  tell  me,*'  he  says, 
*'  that  Nature  and  the  influence  of  the  stars  have  formed  these 
shells  in  the  mountains ;  then  show  me  a  place  in  the  mountains 
where  the  stars  at  the  present  day  make  shelly  forms  of  diflerent 
ages,  and  of  different  species  in  the  same  place."  Again,  he  says, 
*'In  what  manner  can  such  a  cause  account  for  the  petrifactions  in 
the  same  place  of  various  leaves,  sea- weeds,  and  marine  crabs?" 

In  1517,  excavations  in  the  vicinity  of  Verona  brought  to  light 
many  curious  petrifactions,  which  led  to  much  speculation  as  to 
their  nature  and  origin.  Among  the  various  authors  who  wrote 
on  this  subject  was  Fracastoro,  who  declared  that  the  fossils  once 
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belonged  to  living  animals,  which  had  lived  and  multiplied  where 
found.  He  ridiculed  the  prevailing  ideas  that  the  plastic  force  of 
the  ancients  could  fashion  stones  into  organic  forms.  Some 
writers  claimed  that  these  shells  had  been  left  by- Noah's  flood, 
but  to  this  idea  Fracastoro  offered  a  mass  of  evidence,  which 
would  now  seem  conclusive,  but  which  then  only  aroused  bitter 
hostility.  That  inundation,  he  said,  was  too  transient;  it  con- 
sisted mainly  of  fresh  water ;  and  if  it  had  transported  shells  to 
great  distances,  must  have  scattered  them  over  the  surface,  not 
buried  them  in  the  interior  of  mountains. 

Conrad  Gesner  (1516-1565),  whose  history  of  animals  has 
been  considered  the  basis  of  modern  zoology,  published  at  Zurich 
in  1565  a  small  but  important  work  entitled  "I>e  omni  rerum 
fossilium  genere,*'  It  contained  a  catalogue  of  the  collection  of 
fossils  made  by  John  Keutmann.  This  is  the  oldest  catalogue  of 
fossils  with  which  I  am  acquainted. 

George  Agricola  (1494-1555)  was,  according  to  Cuvier,  the 
first  mineralogist  who  appeared  after  tlie  revival  of  learning  in 
Europe.  In  his  great  work,  "De  Re  Metallica,*'  published  in 
1546,  he  mentions  various  fossil  remains,  and  says  they  were  pro- 
duced by  a  certain  ^^  materia  pinguis^'*  or  fatty  matter,  set  in 
fermentation  by  heat.  Some  years  later,  Bauhin  published  a 
descriptive  catalogue  of  the  fossils  he  had  collected  in  the  neigh- 
borhood of  Boll,  in  Wurtemberg.2 

Andrew  Mattioli,  a  distinguished  botanist,  adopted  Agricola's 
notion  as  to  the  origin  of  organized  fossils,  but  admitted  that 
shells  and  bones  might  be  turned  into  stone  by  being  permeated 
by  a  "lapidifying  juice."  Falloppio,  the  eminent  professor  of 
anatomy  at  Padua,  believed  that  fossil  shells  were  generated  by 
fermentation  where  they  were  found ;  and  that  the  tusks  of  ele- 
phants, dug  up  near  Apulia,  were  merely  earthy  concretions. 
Mercati,  in  1574,  published  figures  of  the  fossil  shells  preserved 
in  the  Museum  of  the  Vatican,  but  expressed  the  opinion  that 
they  were  only  stones,  that  owed  their  peculiar  shapes  to  the 
heavenly  bodies.  Olivi,  of  Cremona,  described  the  fossils  in  the 
Museum  at  Verona,  and  considered  them  all  "sports  of  nature." 

Palissy,  a  French  author,  in  1580,  opposed  these  views,  and  is 
said  to  have  been  the  first  to  assert  in  Paris  that  fossil  shells  and 

*  Hittoria  novi  et  admifabilit  FofOis  Balneique  BoUenHit  in  Ducatu  TFiriembergtoo. 
MontMHard,  1598. 


Digitized  by  VjOOQI^ 


PRESIDENT  MARSH.  7 

fishes  had  once  belonged  to  marine  animals.  Fabio  Colonna 
appears  to  have  first  pointed  out  that  some  of  the  fossil  shells 
found  in  Italy  were  marine,  and  some  terrestrial. 

Another  peculiar  theory  discussed  in  the  sixteenth  century 
des€?rves  mention.  This  was  the  vegetation  theory,  especially 
advocated  by  Toumefort  and  Camerarius,  both  eminent  as  bota- 
nists. These  writers  believed  that  the  seeds  of  minerals  and 
fossils  were  difiused  throughout  the  sea  and  the  earth,  and  were 
developed  into  their  peculiar  forms  by  the  regular  increment  of 
their  particles,  similar  to  the  formation  of  crystals.  "  How  could 
the  Comu  AmmoiiiSj*'  Tournefort  asked,  "  which  is  constantly  in 
the  figure  of  a  volute,  be  formed  without  a  seed  containing  the 
sameMructure  in  the  small,  as  in  the  larger  forms?  Who  moulded 
it  so  artfully,  and  where  are  the  moulds?"  The  stalactites  which 
formed  in  caverns  in  various  parts  of  the  world  were  also  supposed 
to  be  proofs  of  this  vegetative  growth. 

Still  another  theory  has  been  held  at  various  times,  and  is  not 
yet  entirely  forgotten,  namely :  that  the  Creator  made  fossil 
animals  and  plants  just  as  they  are  found  in  the  rocks,  in  pursu- 
ance of  a  plan  beyond  our  comprehension.  This  theory  has  never 
prevailed  among  those  familiar  with  scientific  facts,  and  hence 
needs  here  no  further  consideration. 

An  interest  in  fossil  remains  arose  in  England  later  than  on  the 
continent;  but  when  attention  was  directed  to  them,  the  first 
opinions  as  to  their  origin  were  not  less  fanciful  and  erroneous 
than  those  to  which  we  have  already  referred.  Dr.  Plot,  in  his 
"Natural  History  of  Oxfordshire,"  published  in  1677,  considered 
the  origin  of  fossil  shells  and  fishes  to  be  due  to  a  "plastic  virtue, 
latent  in  the  earth,"  as  Theopbrastus  had  suggested  long  before. 
Lhwyd,  in  his  "  Lithophylacii  Britannici  IcfmograpJiia"  published 
at  Oxford  in  1699,  gives  a  catalogue  of  English  fossils  contained 
in  the  Ashmolean  Museum.  He  opposed  the  vis  plastica  theory, 
and  expressed  the  opinion  that  the  spawn  of  fishes  and  other 
marine  animals  had  been  raised  with  the  vapors  from  the  sea, 
conve^'ed  inland  by  clouds,  and  deposited  by  rain,  had  permeated 
into  the  interior  of  the  earth,  and  thus  produced  the  fossil  remains 
we  find  in  the  rocks.  About  this  time  several  important  works 
were  published  in  England  by  Dr.  Martin  Lister,  which  did  much 
to  difl'use  a  true  knowledge  of  fossil  remains.  He  gave  figures  of 
recent  shells  side  by  side  with  some  of  the  fossil  forms,  so  that 
the  resemblance  became  at  once  apparent.    The  fossil  species  of 
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shells  he  called  ^'turbinated  and  bivalve  stones/'  and  adds, 
"  either  these  were  terriginous,  or,  if  otherwise,  the  animals  which 
they  so  exactly  represent  have  become  extinct." 

During  the  seventeenth  century  there  was  a  considerable  ad- 
vance in  the  study  of  fossil  remains.  The  discussions  in  regard 
to  the  nature  and  origin  of  these  objects,  had  called  attention  to 
them,  and  many  collections  were  now  made,  especially  in  Italy, 
and  also  in  Germany,  where  a  strong  interest  in  this  subject  had 
been  aroused.  Catalogues  of  these  collections  were  not  unfre- 
quently  published,  and  some  of  them  were  illustrated  with  such 
accurate  figures,  that  many  of  the  species  can  now  be  readily 
recognized.  In  this  century,  too,  an  important  step  in  advance 
was  made  by  the  collection  and  description  of  fossils  from  par- 
ticular localities  and  regions,  in  distinction  from  general  collections 
of  curiosities. 

Casper  Schwenkfeld,  in  1600,  published  a  catalogue  of  the 
fossils  discovered  in  Silesia;  in  1622,  a  detailed  description  of 
the  renowned  Museum  of  Calceolarius,  of  Verona,  appeared  ;  and 
in  1642,  a  catalogue  of  Besler's  collection.  Wormius's  catalogue 
was  published  in  1652  ;  Spener's  in  1663  ;  and  Septala's  in  1666. 
A  description  of  the  Museum  of  the  King  of  Denmark  was  issued 
in  1669  ;  Cottorp's  catalogue  in  1674 ;  and  that  of  the  renowned 
Kirscher  in  1678.  Dr.  Grew  gave  an  account  in  1687  of  the 
specimens  in  the  Museum  of  Gresham's  College  in  England  ;  and 
in  1695,  Petiver  of  London  published  a  catalogue  of  his  very 
extensive  collection.  A  catalogue  by  Fred.  Lauchmund,  on  the 
fossils  of  Hildeshein,  appeared  in  1669,  and  the  fossils  of  Switzer- 
land were  described  by  John  Jacob  Wagner  in  1689.  Among 
similar  works,  were  the  dissertations  of  Gyer,  at  Frankfort,  and 
Albertus,  at  Leipsic. 

Steno,  a  Dane,  who  had  been  professor  of  anatomy  at  Padua, 
published,  in  1669,  one  of  the  most  important  works  of  this 
period. 3  He  entered  earnestly  into  the  controversy  as  to  the 
origin  of  fossil  remains,  and  by  dissecting  a  shark  from  the 
Mediterranean,  proved  that  its  teeth  were  identical  with  some 
found  fossil  in  Tuscany.  He  also  compared  the  fossil  shells  found 
in  Italy  with  existing  species,  and  pointed  out  their  resemblance. 
In  the  same  work,  Steno  expressed  some  very  important  views  in 

•  De  tolido  intra  solidum  naturaiUer  oontento. 
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regard  to  the  different  kinds  of  strata,  and  their  origin,  and  first 
placed  on  record  the  important  fact  that  the  oldest  rocks  contain 
no  fossils. 

Scilla,  the  Sicilian  painter,  published  in  1670  a  work  on  the 
fossils  of  Calabria,  well  illustrated.  He  is  very  severe  against 
those  who  doubted  the  organic  origin  of  fossils,  but  is  inclined  to 
consider  them  relics  of  the  Mosaic  deluge. 

Another  instance  of  the  power  of  the  Iilsus  naturce  theory,  even 
at  the  close  of  the  seventeenth  century,  deserves  mention.  In  the 
year  1696,  the  skeleton  of  a  fossil  elephant  was  dug  up  at  Tonna, 
near  Gotha,  in  Germany,  and  was  described  by  William  Ernest 
Tentzel,  a  teacher  in  the  Gotha  Gymnasium.  He  declared  the 
bones  to  be  the  remains  of  an  animal  that  had  lived  long  before. 
The  Medical  Faculty  in  Gotha,  however,  considered  the  subject, 
and  decided  officially  that  this  specunen  was  only  a  freak  of 
nature. 

Beside  the  authors  I  have  mentioned,  there  were  many  others 
who  wrote  about  fossil  remains  before  the  close  of  the  seventeenth 
century,  and  took  part  in  the  general  discussion  as  to  their  nature 
and  origin.  During  the  progress  of  this  controversy  the  most 
fantastic  theories  were  broached  and  stoutly  defended,  and  al- 
though refuted  from  time  to  time  by  a  few  clear-headed  men,  con- 
tinually sprang  up  anew,  in  the  same  or  modified  forms.  The 
influence  of  Aristotle's  views  of  equivocal  generation,  and  espec- 
ially the  scholastic  tendency  to  disputation,  so  prevalent  during 
the  middle  ages,  had  contributed  largely  to  the  retardation  of 
progress,  and  yet  a  real  advance  in  knowledge  had  been  made. 
The  Ibng  contest  in  regard  to  the  nature  of  fossil  remains  was 
essentially  over,  for  the  more  intelligent  opinion  at  the  time  now 
acknowledged  that  these  objects  were  not  mere  "  sports  of  nature," 
but  had  once  been  endowed  with  life.  At  this  point,  therefore, 
the  first  period  in  the  history  of  Palaeontology,  as  I  have  indicated 
it,  may  appropriately  end. 

It  is  true,  that  later  still,  the  old  exploded  errors  about  the 
plastic  force  and  fermentation  were  from  time  to  time  revived,  as 
they  have  been  almost  to  the  present  day ;  but  learned  men,  with 
few  exceptions,  no  longer  seriously  questioned  that  fossils  were 
real  organisms,  as  the  ancients  had  once  believed.  The  many 
collections  of  fossils  that  had  been  brought  together,  and  the 
illustrated  works  that  had  been  published  about  them,  were  a 
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foundation  for  greater  progress,  and,  with  the  eighteenth  centurji 
the  second  period  in  the  history  of  Palceontology  began. 

The  main  characteristic  of  this  period  was  the  general  belief, 
that  fossil  remains  were  deposited  by  the  Mosaic  deluge.  We  have 
seen  that  this  view  had  already  been  advanced,  but  it  was  not  till 
the  beginning  of  the  eighteenth  century  that  it  became  the  pre- 
vailing view.  This  doctrine  was  strongly  opposed  by  some 
courageous  men,  and  the  discussion  on  the  subject  soon  became 
even  more  bitter  than  the  previous  one,  as  to  the  nature  of  fossils. 

In  this  diluvial  discussion  theologians  and  laymen  alike  took 
*  part.  For  nearly  a  century  the  former  had  it  all  their  own  way, 
for  the  general  public,  then  as  now,  believed  what  they  were 
taught.  Noah's  flood  was  thought  to  have  been  universal,  and 
was  the  only  general  catastrophe  of  which  the  people  of  that  day 
had  any  knowledge  or  conception. 

The  scholars  among  them  were  of  course  familiar  with  the 
accounts  of  Deucalion  and  his  ark,  in  a  previous  deluge,  as  we  are 
to-day  with  similar  traditions  held  by  various  races  of  men.  The 
firm  belief  that  the  earth  and  all  it  contains  was  created  in  six 
days;  that  all  life  on  the  globe  was  destroyed  by  the  deluge, 
except  alone  what  Noah  saved ;  and  that  the  earth  and  its  inhabi- 
tants were  to  be  destroyed  by  fire,  was  the  foundation  on  which 
all  knowledge  of  the  earth  was  based.  With  such  fixed  opinions, 
the  fossil  remains  of  animals  and  plants  were  naturally  regarded 
as  relics  left  by  the  flood  described  in  Holy  Writ.  The  dominant 
nature  of  tiiis  belief  is  seen  in  nearly  all  the  literature  in  regard 
to  fossils  published  at  this  time,  and  some  of  the  works  Vhich 
then  appeared  have  become  famous  on  this  account. 

In  1710,  David  Biittner  published  a  volume  entitled  ^^Rndera 
Diluvii  Testes^'  He  strongly  opposed  Lhwyd's  explanation  of 
the  origin  of  fossils,  and  referred  these  objects  directly  to  the 
Flood.  The  most  renowned  work,  however,  of  this  time,  was 
published  at  Zurich,  in  1726,  by  Scheuchzer,  a  physician  and 
naturalist,  and  professor  in  the  University  of  Altorf.  It  bore  the 
title  ^'^  Homo  Diluvii  Testis'*  The  specimen  upon  which  this  work 
was  based  was  found  at  Oeningen,  and  was  regarded  as  the 
skeleton  of  a  child  destroyed  by  the  Deluge.  The  author  recog- 
nized in  this  remarkable  fossil,  not  merely  the  skeleton,  but  also 
portions  of  the  muscles,  the  liver,  and  the  brain.    The  same 
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aathor  was  fortunate  enough  to  discover,  subsequently,  near 
Altorf,  two  fossil  vertebrae,  which  he  at  once  referred  to  that 
"Accursed  race  destro^^ed  by  the  Flood!"  These,  also,  he  care- 
fully described  and  figured  in  his  ^^Physica  Sacra,**  published  at 
Ulm  in  1731.  Engravings  of  both  were  subsequently  given  in 
the  "Copper-Bible."  Cuvier  afterward  examined  these  interesting 
relics,  and  pronounced  the  skeleton  of  the  supposed  child  to  be 
the  remains  of  a  gigantic  Salamander,  and  the  two  vertebrae  to  be 
those  of  an  Ichthyosaurus ! 

Another  famous  book  appeared  in  Germany  in  the  same  year  in 
which  Scheuchzer's  first  volume  was  published.  The  author  was 
John  Bartholomew  Adam  Beringer,  professor  at  the  University  of 
WiJrtzburg,  and  his  great  work*  indirectly  had  an  important 
infiuence  ui>on  the  investigation  of  fossil  remains.  The  history  of 
the  work  is  instructive,  if  only  as  an  indication  of  the  state  of 
knowledge  at  that  date.  Professor  Beringer,  in  accordance  with 
views  of  his  time,  had  taught  his  pupils  that  fossil  remains,  or 
"figured  stones,"  as  they  were  called,  were  mere  "sports  of 
nature."  Some  of  his  fun-loving  students  reasoned  among  them- 
selves, "If  Nature  can  make  figured  stones  in  sport,  why  cannot 
we?"  Accordingly,  from  the  soft  limestone  in  the  neighboring 
hills,  they  carved  out  figures  of  marvellous  and  fantastic  forms, 
and  buried  them  at  the  localities  where  the  learned  Professor  was 
accustomed  to  dig  for  his  fossil  treasures.  His  delight  at  the 
discovery  of  these  strange  forms  encouraged  further  production, 
and  taxed  the  ingenuity  of  these  youthful  imitators  of  Nature's 
secret  processes.  At  last  Beringer  had  a  large  and  unique  collec- 
tion of  forms,  new  to  him,  and  to  science,  which  he  determined  to 
publish  to  the  world.  After  long  and  patient  study,  his  work 
appeared,  in  Latin,  dedicated  to  the  reigning  prince  of  the  countiy, 
and  illustrated  with  twenty-one  folio  plates.  Soon  after  the  book 
was  published,  the  deception  practised  upon  the  credulous  Pro- 
fessor became  known ;  and,  in  place  of  the  glory  he  expected 
from  his  great  undertaking,  he  received  only  ridicule  and  disgrace. 
He  at  once  endeavored  to  repurchase  and  destroy  the  volumes 
already  issued,  and  succeeded  so  far  that  few  copies  of  the  first 

*Lithographia  WirceburgentU,  dueentii  lapidum  figuratorumt  a  poHoriy  inaecH' 
/brminm,  prodigiotiM  imaginibus  exomata.  Wirceburgi,  1726.  Edit.  II.  FrancoAirti  e( 
Liptiae.    1767. 
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edition  remain.  His  small  fortune,  which  had  been  serioasly 
impaired  in  bringing  out  his  grand  work,  was  exhausted  in  the 
effort  to  regain  what  was  already  issued,  as  the  price  rapidly 
advanced  in  proportion  as  fewer  copies  remained ;  and,  mortified 
at  the  failure  of  his  life's  work,  he  died  in  poverty.  It  is  said 
that  some  of  his  family,  dissatisfied  with  the  misfortune  brought 
upon  them  by  this  disgrace  and  the  loss  of  their  patrimony,  used 
a  remaining  copy  for  the  production  of  a  second  edition,  which 
met  with  a  large  sale,  sufiOicient  to  repair  the  previous  loss,  and 
restore  the  family  fortune.  This  work  of  Beringer,  in  the  end, 
exerted  an  excellent  influence  upon  the  dawning  science  of  fossil 
remains.  Observers  became  more  cautious  in  announcing  sup- 
posed discoveries,  and  careful  study  of  natural  objects  gradually 
replaced  vague  hypotheses. 

The  above  works,  however,  are  hardly  fair  examples  of  the 
literature  on  fossils  during  this  part  of  the  eighteenth  century. 
Scheuchzer  had  previously  published  his  well-known  "  Complaint 
and  Vindication  of  the  Fishes,"  illustrated  with  good  plates. 
Moro,  in  his  work  on  "Marine  Bodies  which  are  found  in  the 
Mountains,"  1740,  showed  the  effects  of  volcanic  action  in  elevat- 
ing strata,  and  causing  faults.  Vallisneri  had  studied  with  care 
the  marine  deposits  of  Italy.  Donati,  in  1750,  had  investigated 
the  Adriatic,  and  ascertained  by  soundings  that  shells  and  corals 
were  being  imbedded  in  the  deposits  there,  just  as  they  were  found 
in  the  rocks. 

John  Gesner's  dissertation,  "De  PetrificatiSy'  published  at 
Leyden  in  1758,  was  a  valuable  contribution  to  the  science.  He 
enumerated  the  various  kinds  of  fossils,  and  the  different  condi- 
tions in  which  they  are  found  petrified,  and  stated  that  some  of 
them,  like  those  at  Oeningen,  resembled  the  shells,  fishes,  and 
plants  of  the  neighboring  region,  while  others,  such  as  Ammonites 
and  Belemnites,  were  either  unknown  species,  or  those  found  only 
in  distant  seas.  He  discusses  the  structure  of  the  earth  at  length, 
and  speculates  as  to  the  causes  of  changes  in  sea  and  land.  He 
estimates  that,  at  the  observed  rate  of  recession  of  the  ocean,  to 
allow  the  Apennines,  whose  summits  are  filled  with  marine  shells, 
to  reach  their  present  height,  would  have  taken  about  eighty 
thousand  years,  a  period  more  than  ^^ten  times  greater  than  the 
age  of  the  universe."     He  accordingly  refers  the  change  to  the 
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direct  command  of  the  Deity,  as  related  by  Moses,  that  ''The 
waters  should  be  gathered  together  in  one  place,  and  the  dry  land 
appear." 

Voltaire  (1694-1778),  discussed  geological  questions  and  the 
nature  of  fossils  in  several  of  his  works,  but  his  published  opinions 
are  far  from  consistent.  He  ridiculed  effectively  and  justly  the 
cosmogonists  of  his  day,  and  showed,  also,  that  he  knew  the  true 
nature  of  organic  remains.  Finding,  however,  that  theologians 
used  these  objects  to  confirm  the  Scriptural  account  of  the  deluge, 
he  changed  his  views,  and  accounted  for  fossil  shells  found  in  the 
Alps,  by  suggesting  that  they  were  Eastern  species,  dropped  by 
the  pilgrims  on  their  return  from  the  Holy  Land ! 

Buffon,  in  1749,  published  his  important  work  on  Natural 
History,  and  included  in  it  his  "  Theory  of  the  Earth,"  in  which 
he  discussed,  with  much  ability,  many  points  in  Geology.  Soon 
after  the  book  was  published,  he  received  an  official  letter  from 
the  Faculty  of  Theology  in  Paris,  stating  that  fourteen  proposi- 
tions in  his  works  were  reprehensible,  and  contrary  to  the  creed 
of  the  church.  The  first  objectionable  proposition  was  as  follows : 
''  The  waters  of  the  sea  have  produced  the  mountains  apd  valleys 
of  the  land, — the  waters  of  the  heavens  reducing  all  to  a  level, 
will  at  last  deliver  the  whole  land  over  to  the  sea,  and  the  sea 
successively  prevailing  over  the  land,  will  leave  dry  new  conti- 
nents like  those  we  inhabit. 

Buffon  was  politely  requested  by  the  college  to  recant,  and  hav- 
ing no  particular  desire  to  be  a  martyr  to  science,  submitted  the 
following  declaration,  which  he  was  required  to  publish  in  his  next 
work :  ''  I  declare  that  I  had  no  intention  to  contradict  the  text  of 
Scripture ;  that  I  believe  most  firmly  all  therein  related  about  the 
creation,  both  as  to  order  of  time  and  matter  of  fact ;  and  I  aban- 
don everything  in  my  book  respecting  the  formation  of  the  earth, 
and,  generally,  all  which  may  be  contrary  to  the  narration  of 
Moses." 

This  single  instance  will  suffice  to  indicate  one  great  obstacle  to 
the  advancement  of  science,  even  up  to  the  middle  of  the  eighteenth 
century. 

Another  important  work  appeared  in  France  about  this  time, 
Bourguet's  ^^Traite  des  Petrifactions^*'  published  in  1758,  which  is 
well  illustrated  with  faithful  plates.  In  England,  a  discourse  on 
earthquakes,  by  Dr.  Robert  Hooke,  was  published  in  1705.    This 
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author  held  some  views  in  advance  of  his  time,  and  maintained 
that  figured  stones  were  "  really  the  several  bodies  they  represent 
or  the  moldings  of  them  petrified,  and  not,  as  some  have  imagined, 
a  lustis  naturae^  sporting  herself  in  the  needless  formation  of  useless 
things."  He  anticipates  one  important  conclusion  from  fossils, 
when  he  states  that  ^^  though  it  must  be  very  .difiOicult  to  read  them 
and  to  raise  a  chronology  out  of  them,  and  to  state  the  intervals 
of  time  wherein  such  or  such  catastrophes  and  mutations  have  hap- 
pened, yet  it  is  not  impossible."  He  also  states  that  fossil  turtles, 
and  such  large  Ammonites  as  are  found  in  Portland,  seem  to  have 
been  the  productions  of  hotter  countries,  and  hence  it  is  necessary 
to  suppose  that  England  once  lay  under  the  sea  within  the  torrid 
zone.  He  seems  to  have  suspected  that  some  of  the  fossils  of 
England  belonged  to  extinct  species,  but  thougl^t  they  might 
possibly  be  found  living  in  the  bottom  of  distant  oceans. 

Dr.  Woodward's  "Natural  History  of  the  Fossils  of  England" 
appeared  in  1729.  This  work  was  based  on  a  systematic  collection 
of  fossils  which  he  had  brought  together,  and  which  he  subse- 
quently bequeathed  to  the  University  of  Cambridge,  where  it  is  still 
preserved,  with  his  arrangement  carefully  retained.  This  descrip- 
tive part  of  this  work  is  interesting,  but  his  conclusions  are  made 
to  coincide  strictly  with  the  Scriptural  account  of  the  creation  and 
deluge.  He  had  previously  stated,  in  another  work,  that  he  be- 
lieved, "the  whole  terrestrial  globe  to  have  been  taken  to  pieces 
and  dissolved  at  the  flood,  and  the  strata  to  have  settled  down 
from  this  promiscuous  mass."  In  support  of  this  view,  he  stated 
that,  "  Marine  bodies  are  lodged  in  the  strata  according  to  the  order 
of  their  gravity,  the  heavier  shells  in  stones,  the  lighter  in  chalk, 
ai^d  so  of  the  rest."  * 

The  most  important  work  on  fossils  published  in  Germany  at 
this  time,  was  that  of  George  Wolfgang  Kuorr,  which  was  con- 
tinued after  his  death  by  Walch.  This  work  consisted  of  four 
folio  volumes,  with  many  plates,  and  was  printed  at  Nuremberg, 
1765-73.  A  large  number  of  fossils  were  accurately  figured  and 
described,  and  the  work  is  one  of  permanent  value.^  A  French 
translation  of  this  work  appeared  in  1767-78.  Burton's  "  Ch'ycto- 
graphie  de  BruxelleSy*'  1784,  contains  figures  and  descriptions  of 
fossils  found  in  Belgium. 

•  Essay  towards  a  Natural  History  of  the  Earth.    1095. 

*Lapules  ex  ceUberr.  viror.  §etUetUia  diluvii  univtrsalit  Utttt^  quo»  in  ordineM  ao 
tpecUt  dUtribuit,  tuU  coloribus  expremU,  etc,   272  Tab.    175&-78. 
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Abraham  Grottlieb  Werner  (1750-1817),  Professor  of  Mineral- 
ogy at  Freyberg,  did  much  to  advance  the  science  of  Geology, 
and  indirectly,  that  of  fossils.  He  first  indicated  the  relations  of 
the  main  formations  to  each  other,  and,  according  to  his  pupil, 
Professor  Jameson,  first  made  the  highly  important  observation 
'Hhat  different  formations  can  be  discriminated  by  the  petrifac- 
tions they  contain."  Morever,  "  that  the  petrifactions  contained 
in  the  oldest  rocks  are  very  different  from  any  of  the  species  of 
the  present  time ;  that  the  newer  the  formation,  the  more  do  the 
remains  approach  in  form  to  the  organic  beings  of  the  present 
creation."  Unfortunately,  Werner  published  little,  and  his 
doctrines  were  mainly  disseminated  by  his  enthusiastic  pupils. 

The  great  contest  between  the  Vulcanists  and  the  Neptunists 
started  at  this  time,  mainly  through  Werner,  whose  doctrines  led 
to  the  controversy.  The  comparative  merits  of  fire  and  water,  as 
agencies  in  the  formation  of  certain  rocks,  were  discussed  with  a 
heat  and  acrimony  characteristic  of  the  subject  and  the  time. 
Werner  believed  in  the  aqueous  theory,  while  the  igneous  theory 
was  especially  advocated  by  Hutton  of  Edinburgh,  and  his  illus- 
trator, Playfair.  This  discussion  resulted  in  the  advancement  of 
descriptive  geology,  but  the  study  of  fossils  gained  little  thereby. 

The  ^^Protogcea"  of  Leibnitz,  the  great  mathematician,  pub- 
lished in  1749,  about  thirty  years  after  his  death,  was  a  work 
of  much  merit.  This  author  supposed  that  the  eaith  had  grad- 
ually cooled  from  a  state  of  igneous  fusion,  and  was  subsequently 
covered  with  water.  The  subsidence  of  the  lower  part  of  the 
earth,  the  deposits  of  sedimentary  strata  from  inundations,  and 
their  induration,  as  well  as  other  changes,  followed.  All  this,  he 
supposed  to  have  been  accomplished  in  a  period  of  six  natural 
days.  In  the  same  work  Leibnitz  shows  that  he  had  examined 
fossils  with  considerable  care. 

Linnseus  (1707-1778),  the  famous  Swedish  botanist,  and  the 
founder  of  the  modern  system  of  nomenclature  in  Natural  History, 
confined  his  attention  almost  entirely  to  the  living  forms.  Al- 
though he  was  familiar  with  the  literature  of  fossil  remains,  and 
had  collected  them  himself,  he  did  not  include  them  in  his  system 
of  plants  and  animals,  but  kept  them  separate,  with  the  minerals ; 
hence  he  did  little  directly  to  advance  this  branch  of  science. 

Daring  the  last  quarter  of  the  eighteenth  century,  the  belief  that 
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fossil  remains  were  deposited  by  the  Deluge  sensibly  declined,  and 
the  dawn  of  a  new  era  gradually  appeared.  Let  us  pause  for  a 
moment  here,  and  see  what  real  progress  had  been  made ;  what 
foundation  had  been  laid  on  which  to  establish  a  science  of  fossil 
remains. 

The  true  nature  of  these  objects  had  now  been  clearly  deter- 
mined. They  were  the  remains  of  animals  and  plants.  Most  of 
them  certainly  were  not  the  relics  of  the  Mosaic  Deluge,  but  had 
been  deposited  long  before,  part  in  fresh  water  and  part  in  the  sea. 
Some  indicated  a  mild  climate,  and  some  the  tropics.  That  any 
of  these  were  extinct  species,  was  as  yet  only  suspected.  Large 
collections  of  fossils  had  now  been  made,  and  valuable  catalogues, 
well  illustrated,  had  been  published.  Something  was  known,  too, 
of  the  geological  position  of  fossils.  Steno,  long  before,  had  ob- 
served that  the  lowest  rocks  were  without  life.  Lehmann  had 
shown  that  above  these  primitive  rocks,  and  derived  fi-om  them, 
were  the  secondary  strata,  full  of  the  records  of  life ;  and  above 
these  were  alluvial  deposits,  which  he  referred  to  local  floods,  and 
the  Deluge  of  Noah.  Rouelle,  Fuchsel,  and  Odoardi  had  shed  new 
light  on  this  subject.  Werner  had  distinguished  the  transition 
rocks,  containing  fossil  remains,  between  the  primitive  and  the 
secondary,  while  everything  above  the  chalk  he  grouped  together, 
as  the  "overflowed  land."  Werner,  as  we  have  seen,  had  done 
more  than  this,  if  we  give  him  the  credit  his  pupils  claim  for  him. 
He  had  found  that  the  formations  he  examined  contained  each  its 
own  peculiar  fossils,  and  that  fVom  the  older  to  the  newer  there 
was  a  gradual  approach  to  recent  forms.  William  Smith  had 
worked  out  the  same  thing  in  England,  and  should  equally  divide 
the  honor  of  this  important  discovery. 

The  gieatest  advance,  however,  up  to  this  time,  was  that  men 
now  preferred  to  observe^  rather  than  to  believe^  and  facts  were  held 
in  greater  esteem  than  vague  speculations.  With  this  preparation 
for  future  progress,  the  second  period  in  the  history  of  Palaeontol- 
ogy? &s  I  hB,\e  divided  it,  may  appropriately  be  considered  at 
an  end. 

Thus  far,  I  have  said  nothing  in  regard  to  one  branch  of  my 
subject,  the  methods  of  Palseontological  research,  for  up  to  this 
time,  of  method  there  was  none.  We  have  seen  that  those  of  the 
ancients  who  noticed  marine  shells  in  the  solid  rock,  called  them 
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such,  and  concluded  that  they  had  been  left  there  by  the  sea. 
The  discovery  of  fossils  led  directly  to  theories  of  how  the  earth 
was  formed.  Here  the  progress  was  slow.  Subterranean  spirits 
were  supposed  to  guard  faithfully  the  mysteries  of  the  earth ;  while 
above  the  earth,  Authority  guarded  with  still  greater  power  the 
secrets  men  in  advance  of  their  age  sought  to  know.  The  domin- 
ant idea  of  the  first  sixteen  centuries  of  the  present  era  was,  that 
the  universe  was  made  for  Man.  This  was  the  great  obstacle  to 
the  correct  determination  of  the  position  of  the  earth  in  the  universe, 
and,  later,  of  the  age  of  the  earth.  The  contest  of  Astronomy 
against  authority  was  long  and  severe,  but  the  victory  was  at  last 
with  science.  The  contest  of  Geology  against  the  same  power 
followed,  and  continued  almost  to  our  day.  The  result  is  still  the 
same.  In  the  early  stages  of  this  contest,  there  was  no  strife,  for 
science  was  benumbed  by  the  embrace  of  superstition  and  creed, 
and  little  could  be  done  till  that  was  cast  off.  In  a  superstitious 
age,  when  every  i^tural  event  is  referred  to  a  supernatural  cause, 
science  cannot  live ;  and  often  as  the  sacred  fire  may  be  kindled 
by  courageous  far-seeing  souls,  will  it  be  quenched  by  the  dense 
mists  of  ignorance  around  it.  Scarcely  less  fatal  to  the  growth  of 
science  is  the  age  of  Authority,  as  the  past  proves  too  well.  With 
A*eedom  of  thought,  came  definite  knowledge,  and  certain  progress ; 
— but  two  thousand  years  was  long  to  wait. 

With  the  opening  of  the  present  century,  began  a  new  era  in 
Palaeontology,  which  we  may  here  distinguish  as  the  third  period 
in  its  history.  This  branch  of  knowledge  became  now  a  science. 
Method  replaced  disorder,  and  systematic  study  superseded  cashal 
observation.  For  the  next  half  century  the  advance  was  continu- 
ous, and  rapid.  One  characteristic  of  this  period  was,  the  accurate 
determination  of  fossils  by  comparison  toith  living  forms.  This 
will  separate  it  from  the  two  former  epochs.  Another  distinctive 
feature  of  this  period  was  the  general  belief  that,  every  species^ 
recent  and  extinct^  was  a  separate  creation. 

At  the  very  beginning  of  the  epoch  we  are  now  to  consider, 
three  names  stand  out  in  bold  relief:  Cuvier,  Lamarck,  and 
William  Smith.  To  these  men,  the  science  of  Palaeontology  owes 
its  origin.  Cuvier  and  Lamarck,  in  France,  had  all  the  power  which 
great  talent,  education,  and  station  could  give  ;  William  Smith,  an 
English  surveyor,  was  without  culture  or  influence.  The  last  years 
▲.  ▲.  ▲.  8.,  VOL.  xxvm.  2 
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of  the  eighteenth  century  had  been  spent  by  each  of  these  men  in 
preparation  for  his  chosen  work,  and  the  results  were  now  given  to 
the  world.  Cuvier  laid  the  foundation  of  the  palaeontology  of 
Vertebrate  animals ;  Lamarck,  of  the  Invertebrates ;  and  Smith 
established  the  principles  of  Stratigraphical  Palaeontology.  The 
investigator  of  fossils  to-day  seldom  needs  to  consult  earlier  authors 
of  the  science. 

George  Cuvier  (1769-1832),  the  most  famous  naturalist  of  his 
time,  was  led  to  the  study  of  extinct  animals  by  ascertaining  that 
the  remains  of  fossil  elephants  he  examined  were  extinct  species. 
"This  idea,"  he  says  later,  "which  I  announced  to  the  Institute 
in  the  month  of  January  1796,  opened  to  me  views  entirely  new 
respecting  the  theory  of  the  earth,  and  determined  me  to  devote 
myself  to  the  long  researches  and  to  the  assiduous  labors  which 
have  now  occupied  me  for  twenty-five  years."  ^ 

It  is  interesting  to  note  here  that  in  this  first  investigation  of 
fossil  vertebrates,  Cuvier  employed  the  same  method  that  gave 
him  such  important  results  in  his  later  researches.  Remains  of 
elephants  had  been  known  to  Europe  for  centuries,  and  many 
authors,  from  Pliny  down  to  the  contemporaries  of  Cuvier,  had 
written  about  them.  Some  had  regarded  the  bones  as  those  of 
human  giants,  and  those  who  recognized  what  the}*  were  consid- 
ered them  remains  of  the  elephants  imported  by  Hannibal  or  the 
Romans.  Cuvier,  however,  compared  the  fossils  directly  with  the 
bones  of  existing  elephants,  and  proved  them  to  be  distinct.  The 
fact  that  these  remains  belonged  to  extinct  species  was  of  great 
importance.  In  the  case  of  fossil  shells,  it  was  difiOicult  to  say 
that  any  particular  form  was  not  living  in  a  distant  ocean ;  but 
the  two  species  of  existing  elephants,  the  Indian  and  the  African, 
were  well  known,  and  there  was  hardly  a  possibility  that  another 
living  one  would  be  found. 

It  is  important  to  bear  in  mind,  .too,  that  Cuvier's  preparation 
for  the  study  of  the  remains  of  animals  was  far  in  advance  of  any 
of  his  predecessors.  He  had  devoted  himself  for  j^ears  to  careful 
dissections  in  the  various  classes  of  the  animal  kingdom,  and  was 
really  the  founder  of  comparative  anatomy,  as  we  now  understand 
it.  Cuvier  investigated  the  different  groups  of  the  whole  kingdom 
with  care,  and  proposed  a  new  classification  founded  on  the  plan 
.of  structure,  which  in  its  main  features  is  the  one  in  use  to-day. 

V  Ott€men»  FoaUa,  Second  Edition,  Vol.  I,  p.  178. 
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The  first  volnme  of  his  Comparative  Anatomy  appeared  in  1800, 
and  the  work  was  completed  in  five  vohimes  in  1805. 

Previous  to  Cuvier,  the  only  general  catalogue  of  animals  was 
contained  in  Linnaeus'  "  Systema  Naturce"  In  this  work,  as  we 
have  seen,  fossil  remains  were  placed  with  the  Minerals,  not  in 
their  appropriate  places  among  the  animals  and  plants.  Cuvier 
enriched  the  animal  kingdom  by  the  introduction  of  fossil  forms 
among  the  living,  bringing  all  together  into  one  comprehensive 
system.  His  great  work,  "i^e  Regne  Animal^*  appeared  in  four 
volumes,  in  1817,  and  with  its  two  subsequent  editions  remains 
the  foundation  of  modem  zoology.  Cuvier's  classic  work  on 
vertebrate  fossils — ^^  Recherches  sur  lea  Ossemens  FosaileSj'*  in 
four  volumes,  appeared  in  1812-13.  Of  this  work,  it  is  but  just 
to  say  that  it  could  only  have  been  written  by  a  man  of  genius, 
profound  knowledge,  the  greatest  industrj',  and  with  the  most 
favorable  opportunities. 

The  introduction  to  this  work  was  the  famous  "Discourse  on 
the  Revolutions  of  the  Surface  of  the  Globe,"  which  has  perhaps 
been  as  widely  read  as  any  other  scientific  essay.  The  discovery 
of  fossil  bones  in  the  gypsum  quarries  of  Paris,  by  the  workmen, 
who  considered  them  human  remains ;  the  careful  study  of  these 
relics  by  Cuvier,  and  his  restorations  from  them  of  strange  beasts 
that  had  lived  long  before,  is  a  story  with  which  you  are  all 
familiar.  Cuvier  was  the  first  to  prove  that  the  earth  had  been 
inhabited  by  a  succession  of  difierent  series  of  animals,  and  he 
believed  that  those  of  each  period  were  peculiar  to  the  age  in 
which  they  lived. 

In  looking  over  his  work  after  a  lapse  of  three-quarters  of  a 
century,  wc  can  now  see  that  Cuvier  was  wrong  on  some  important 
points,  and  failed  to  realize  the  direction  in  which  science  was  rap- 
idly tending.  With  all  his  knowledge  of  the  earth,  he  could  not 
free  himself  from  tradition,  and  believed  in  the  universality  and 
power  of  the  Mosaic  deluge.  Again,  he  refused  to  admit  the  evi- 
dence brought  forward  by  his  distinguished  colleagues  against  the 
permanence  of  species,  and  used  all  his  great  infiuence  to  crush 
out  the  dectrine  of  evolution,  then  first  proposed.  Cuvier's  defi- 
nition of  a  species,  the  dominant  one  for  half  a  century,  was  as 
follows:  "A  species  comprehends  all  the  individuals  which  de- 
scend from  each  other,  or  from  a  common  parentage,  and  those 
which  resemble  them  as  much  as  they  do  each  other." 
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The  law  of  "Correlation  of  Structures,"  as  laid  down  by 
Cuvier,  has  been  more  widely  accepted  than  almost  any  thing  else 
that  bears  his  name ;  and  yet,  although  founded  in  truth,  and  use- 
ful within  certain  limits,  it  would  certainly  lead  to  serious  error  if 
applied  widely  in  the  way  he  proposed. 

In  his  Discourse,  he  sums  this  law  as  follows :  "A  claw,  a  shoul- 
der blade,  a  condyle,  a  leg  or  arm  bone,  or  any  other  bone  sepa- 
rately considered,  enables  us  to  discover  the  description  of  teeth 
to  which  they  have  belonged  ;  so  also  reciprocally  we  may  deter- 
mine the  form  of  the  other  bones  from  the  teeth.  Thus,  comeno- 
ing  our  investigation  by  a  careful  survey  of  any  one  bone  by  itself, 
a  person  who  is  sufficiently  master  of  the  laws  of  organic  struc- 
ture, may,  as  it  were,  reconstruct  the  whole  animal  to  which  that 
bone  had  belonged." 

We  know  to-day  that  unknown  extinct  animals  cannot  be  re- 
stored from  a  single  tooth  or  claw,  unless  they  are  very  similar  to 
forms  already  known.  Had  Cuvier,  himself,  applied  his  methods 
to  many  forms  from  the  early  Tertiary  or  older  formations,  he 
would  have  failed.  If,  for  instance,  he  had  had  before  him  the 
disconnected  fragments  of  an  Eocene  Tillodont,  he  would  undoubt- 
edly have  referred  a  molar  tooth  to  one  of  his  Pachyderms ;  an 
incisor  tooth  to  a  Rodent ;  and  a  claw  bone  to  a  Carnivore.  The 
tooth  of  a  Ilesperornis  would  have  given  him  no  possible  hint  of 
the  rest  of  the  skeleton,  nor  its  swimming  feet  the  slightest  clue 
to  the  ostrich-like  sternum  or  skull.  And  yet,  the  earnest  belief 
in  his  own  methods  led  Cuvier  to  some  of  his  most  important 
discoveries. 

Jean  Lamarck  (1744-1829),  the  philosopher  and  naturalist,  a 
colleague  of  Cuvier,  was  a  learned  botanist  before  he  became  a 
zoologist.  His  researches  on  the  invertebrate  fossils  of  the  Paris 
Basin,  although  less  striking,  were  not  less  important  than  those 
of  Cuvier  on  the  vertebrates;  while  the  conclusions  he  derived 
from  them  form  the  basis  of  modern  biology.  Lamarck's  method 
of  investigation  was  the  same,  essentially,  as  that  used  by  Cuvier, 
namely  :  a  direct  comparison  of  fossils  with  living  forms.  In  this 
way,  he  soon  ascertained  that  the  fossil  shells  imbedded  in  the 
strata  beneath  Paris  were,  many  of  them,  extinct  species,  and 
those  of  different  strata  differed  from  each  other.  His  first  memoir 
on  this  subject  appeared  in  1602,^  and,  with  his  later  works, 

>  Mimoirtt  sur  les/otHlea  des  invirona  de  ParU,    1802-6. 
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effected  a  reyolution  in  conchology.  His  "  System  of  Invertebrate 
Animals  **  appeared  the  year  before,  and  his  famous  ^^  Philosophie 
Zoologique"  in  1809 .  In  these  two  works,  Lamarck  first  announced 
the  principles  of  Evolution.  In  the  first  volume  of  his  '^  Natural 
History  of  Invertebrate  Animals,"^  he  gave  his  theory  in  detail ; 
and  to-day  one  can  only  read  with  astonishment  his  far-reaching 
anticipations  of  modem  science.  These  views  were  strongly  sup- 
ported by  Geoffrey  Saint-Hilaire,  but  bitterly  opposed  by  Cuvier ; 
and  their  great  contest  on  this  subject  is  well  known. 

In  '  looking  back  from  this  point  of  view,  the  philosophical 
breadth  of  Lamarck's  conclusions,  in  comparison  with  those  of 
Cuvier,  is  clearly  evident.  The  invertebrates  on  which  Lamarck 
worked  offered  less  striking  evidence  of  change  than  the  various 
animals  investigated  by  Cuvier ;  yet  they  led  Lamarck  directly  to 
Evolution,  while  Cuvier  ignored  what  was  before  him  on  this  point, 
and  rejected  the  proof  offered  by  others.  Both  pursued  the  same 
methods,  and  had  an  abundance  of  material  on  which  to  work,  yet 
the  facts  observed  induced  Cuvier  to  believe  in  catastrophes  ;  and 
Lamarck,  in  the  uniform  course  of  nature.  Cuvier  declared 
species  to  be  permanent ;  Lamarck,  that  they  were  descended  from 
others.  Both  men  stand  in  the  first  rank  in  science ;  but  Lamarck 
was  the  prophetic  genius,  half  a  century  in  advance  of  his  time. 

While  the  Paris  Basin  was  yielding  such  important  results  for 
PalfiBoutology,  its  geological  structure  was  being  worked  out  with 
great  care.  The  results  appeared  in  a  volume  by  Cuvier  and  Alex. 
Brongniart,  chiefly  the  work  of  the  latter,  published  in  1808.^® 
This  was  the  first  systematic  investigation  of  Tertiary  strata. 
Three  years  later,  the  work  was  issued  in  a  more  extended  form. 
The  separate  formations  were  here  carefully  distinguished  by  their 
fossils,  the  true  importance  of  which  for  this  purpose  was  dis- 
tinctly recognized.  This  advance  was  not  accepted  without  some 
opposition,  and  it  is  an  interesting  fact  that  Jameson,  who  claimed 
for  Werner  the  theory  here  put  in  practice,  rejected  its  application, 
and  wrote  as  follows :  "  To  Cuvier  and  Brongniart  we  are  indebted 
for  much  valuable  information  in  their  description  of  the  country 
around  Paris,  but  we  must  protest  against  the  use  they  have  made 

^  BUtoire  naturettt  de»  animaux  Bani  verUbrtt,  7  vols.  Paris*  1815-1822.  2d  edition. 
UtoIb.    183^1846. 
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of  fossil  organic  remains  in  their  geognostical  descriptions  and 
investigations."  ^^ 

William  Smith  (1769-1839),  "the  father  of  English  Geology,'* 
had  previously  published  a  "Tabular  View  of  the  British  Strata/' 
He  appears  to  have  arrived  independently  at  essentially  the  same 
view  as  Werner  in  regard  to  the  relative  position  of  stratified  rocks. 
He  had  determined  that  the  order  of  succession  was  constant,  and 
that  the  different  formations  might  be  identified  at  distant  points  by 
the  fossils  they  contained.  In  his  later  works,  "  Stratajdentified 
by  Organized  Fossils,"  published  in  1816-20,  and  "  Stratigraphical 
System  of  Organized  Fossils,"  1817,  he  gave  to  the  world  results  of 
many  years  of  careful  investigations  on  the  Secondary  formations 
of  England.  In  the  latter  work,  he  speaks  of  the  success  of  his 
method  in  determining  strata  by  their  fossils,  as  follows:  "My 
original  method  of  tracing  the  strata  by  the  organized  fossils  im- 
bedded therein,  is  thus  reduced  to  a  science  not  difiQcult  to  learn. 
Ever  since  the  first  written  account  of  this  discovery  was  circu- 
lated in  1799,  it  has  been  closely  investigated  by  my  scientific 
acquaintances  in  the  vicinity  of  Bath,  some  of  whom  search  the 
quarries  of  different  Strata  in  that  district,  with  as  much  certainty 
of  finding  the  characteristic  Fossils  of  the  respective  rocks,  as  if 
they  were  on  the  shelves  of  their  cabinets." 

The  systematic  study  of  fossils  now  attracted  attention  in 
England,  also,  and  was  prosecuted  with  considerable  zeal,  although 
with  less  important  results  than  in  France.  An  extensive  work 
on  this  subject,  by  James  Parkinson,  entitled  "  Organic  Remains 
of  a  Former  World,"  was  begun  in  1804,  and  completed  in  three 
volumes  in  1811.  A  second  edition  appeared  in  1833.  This  work 
was  far  in  advance  of  previous  publications  in  England,  and,  being 
well  illustrated,  did  much  to  make  the  collection  and  study  of 
fossils  popular.  The  belief  in  the  geological  effects  of  the  Deluge 
had  not  yet  lost  its  power,  although  restricted  now  to  the  later 
deposits ;  for  Parkinson  in  his  later  edition  wrote  as  follows : 
"  Why  the  earth  was  at  first  so  constituted  that  the  deluge  should 
be  rendered  necessary — why  the  edrth  could  not  have  been  at  first 
stored  with  all  those  substances,  and  endued  with  all  those  prop- 
erties which  seemed  to  have  proceeded  from  the  deluge — why  so 
many  beings  were  created,  as  it  appears,  for  the  purpose  of  being 
destroyed — are  questions  which  I  presume  not  to  answer." 

11  Translation  of  Cnyier's  Discourse.   Note  K.  (B.)»  P- 103, 1817. 
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William  Buckland  (1784-1856),  published  in  1823  his  celebrated 
"  Beliquioi  Diluvianoe"  in  which  he  gave  the  results  of  his  own 
observations  in  regard  to  the  animal  remains  found  in  the  caves, 
fissures  and  alluvial  gravels  of  England.  The  facts  presented  are 
of  great  value,  and  the  work  was  long  a  model  for  similar  re- 
searches. Buckland's  conclusions  were,  that  none  of  the  human 
remains  discovered  in  the  caves  were  as  old  as  the  extinct  mam- 
mals found  with  them,  and  that  the  Deluge  was  universal.  In 
speaking  of  fossil  bones  found  in  the  Himalaya  mountains,  he  says : 
"  The  occurrence  of  these  bones  at  such  an  enormous  elevation  in 
the  region  of  eternal  snow,  and  consequently  in  a  spot  now  un- 
frequented by  such  animals  as  the  horse  and  deer,  can,  I  think, 
be  explained  only  by  supposing  them  to  be  of  antediluvian  origin, 
and  that  the  carcasses  of  the  animals  were  drifted  to  their  present 
place,  and  lodged  in  sand,  by  the  diluvial  waters." 

The  foundation  of  the  "  Geological  Society  of  London,"  in 
1807,  marks  an  important  point  in  the  history  of  palaeontology. 
To  carefully  collect  materials  for  future  generalizations,  was  the 
object  in  view,  and  this  organization  gradually  became  the  centre 
in  Great  Britain  for  those  interested  in  geological  science.  The 
society  was  incorporated  in  1826,  and  has  since  been  the  leading 
organization  in  Europe  for  the  advancement  of  the  sciences  within 
its  field.  The  Geological  Society  of  France,  established  at  Paris 
in  1832,  and  the  German  Geological  Society,  founded  at  Berlin  in 
1848,  have  likewise  contributed  largely  to  geological  investiga- 
tions in  these  countries,  and  to  some  extent  in  other  parts  of  the 
world.  In  the  publications  of  these  three  societies,  the  stbdent  of 
Palaeontology  will  find  a  mine  of  valuable  materials  for  his  work. 

The  systematic  study  of  fossil  Plants  may  be  said  to  date  from 
the  publication  of  Adolphe  Brongniart's  "  Prodrome"  in  1828. i* 
This  was  very  soon  followed  by  his  larger  work,  ^^Histoire  des 
vegkaux  fossiles"  issued  in  1828-48.  Brongniart  pursued  tlie  same 
method  as  Cuvier  and  Lamarck,  viz. :  the  comparison  of  fossils 
with  living  forms,  and  his  results  were  of  great  importance.  In 
his  '*  Tableau  des  genres  vegetanx  fossiles,'*  etc.,  published  in  Paris 
in  1849,  he  gives  the  classification  and  distribution  of  the  genera 
of  fossil  plants,  and  traces  out  the  historical  progression  of  vege- 
table life  on  the  globe,  as  he  had  done  to  a  great  extent  in  his 

IS  Prodrome  <Pu  ne  Mitoire  det  vigUaux  foitOet,    8to.    Paris,  182S. 
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previous  works.  He  shows  that  the  cryptogamic  forms  prevailed 
in  the  primary  formations ;  the  conifers  and  cycads  in  the  second- 
ary, and  the  higher  forms  in  the  Tertiary,  while  four-flfths  of  living 
plants  are  exogons. 

In  England,  Lindley  and  Hutton  published,  in  1831-37,  a  valu- 
able work  in  three  volumes,  entitled,  *'  Fossil  Flora  of  Great  Brit- 
ain." This  work  was  illustrated  by  many  accurate  plates,  in 
which  the  plants  of  the  coal  formation  were  especially  r^resented. 
Henry  Witham  also  published  two  works  in  1831  and  1833,  in 
which  he  treated  especially  of  the  internal  structure  of  fossil 
plants.  "  Antediluvian  Phytology,"  by  Artis,  was  publiBhed  in 
London  in  1838.  Bowerbank's  "  History  of  the  Fossil  Fruits  and 
Seeds  of  the  London  Clay,"  appeared  in  1843.  Hookei^'s  memoir 
"  On  the  Vegetation  of  the  Carboniferous  Period  as  compared 
with  that  of  the  present  day,"  publisheil  in  1848,  was  an  important 
contribution  to  the  science.  Bunbury,  Williamson,  and  others, 
also  published  various  papers  on  fossil  plants.  This  branch  of 
Palaeontology,  however,  attracted  much  less  attention  in  England, 
than  on  the  Continent. 

In  Germany,  the  study  of  fossil  plants  dates  back  to  the  begin- 
ning of  the  century.  Von  Schlotheim,  a  pupil  of  Werner,  pub- 
lished in  1804  an  illustrated  volume  on  this  subject.  A  more  im- 
portant work  was  that  of  Count  Sternberg,  issued  in  1820-38, 
and  illustrated  with  excellent  plates.  Cotta  in  1832  published  a 
book  with  the  title  "  Die  Dendrolithen"  in  which  he  gave  the  re- 
sults of  his  investigations  on  the  inner  structure  of  fossil  plants. 
Von  Gutbier  in  1835,  and  Germar  in  1844-53,  described  and  fig- 
ured the  plants  of  two  important  localities  in  Germany.  Corda's 
"  Beitrdge  zur  Flora  der  Vorwelt"  issued  at  Prague,  in  1845,  was 
essentially  a  continuation  of  the  work  of  Sternberg.  Unger's 
"  Chloris  protogcea,"  1841-45,  "  Oenera  et  species  pfantanim  fossU- 
ium^*'  1850,  and  his  larger  work  published  in  1852,  are  all  stand- 
ard authorities.  In  the  latter,  the  theory  of  descent  is  applied  to 
the  vegetable  world.  Schimper  and  Mougeot's  "  Monograph  on 
the  fossil  plants  of  the  Vosges,"  1845,  was  well  illustrated,  and 
contained  noteworthy  results. 

Goppert,  in  1836,  published  a  valuable  memoir  entitled,  "  Sys- 
tema  Filicum  Fossilium"  in  which  he  made  known  the  results  of 
his  study  of  fossil  ferns.  In  the  same  year,  this  botanist  began  a 
series  of  experiments,  in  which  he  attempted  to  imitate  the  process 
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of  fossilization,  as  found  in  nature.  He  steeped  various  ani- 
mal and  vegetable  substances  in  waters  holding,  some  calcareous^ 
others  siliceous,  and  others  metallic  matter  in  solution.  After  a 
slow  saturation,  the  substances  were  dried,  and  exposed  to  heat 
until  the  organic  matters  were  burned.  In  this  way  Goppert  suc- 
cessfully imitated  various  processes  of  petrifcation,  and  explained 
many  things  in  regard  to  fossils  that  had  previously  been  in  ques- 
tion. His  discovery  of  the  remains  of  plants  throughout  the  in- 
terior of  coal  did  much  to  clear  up  the  doubts  about  the  formation 
of  that  substance.  In  1841,  Goppert  published  an  important 
work  in  which  he  compared  the  genera  of  fossil  plants  with  those 
now  living.  In  1852,  another  extensive  work  by  this  author 
appeared,  entitled,  "  Fossile  Flora  des  Ueberganga-Gebirges" 

Andrse,  Braun,  Dunker,  Ettinsghausen,  Geinitz,  and  Golden- 
berg,  all  made  notable  contributions  to  fossil  Botany  in  Germany, 
during  the  period  we  are  now  considering. 

The  systematic  study  of  invertebrate  fossils,  so  admirably  begun 
by  Lamarck,  was  continued  actively  in  France.  The  Tertiary 
shells  of  the  Seine  valley  were  further  investigated  by  Defrance, 
and  especially  by  Deshayes,  whose  great  work  on  this  subject  was 
begun  in  1824.^3  DesMoulin's  essay  on  Spherulites  in  1826, 
Blainville's  memoir  on  Belemnites  in  1827,  F^russac's  various 
memoirs  on  land  and  fresh  water  fossil  shells,  were  valuable  addi- 
tions to  the  subject.  A  later  work  of  great  importance  was 
D'Orbigny's  Paleontologie  Frangaise,  1840-44,  which  described  the 
mollusca  and  radiates  in  detail,  according  to  formations.  The 
other  publications  of  this  author  are  both  numerous  and  valuable. 
Brongniart  and  Desmarest's  "  Histoire  naturelle  des  Crustaces  Foe- 
tiles"  published  in  1822,  is  a  pioneer  work  on  this  subject. 
Michelin's  memoir  on  the  fossil  corals  of  France,  1841-46,  was 
another  important  contribution  to  palaeontology.  Agassiz's  works 
on  fossil  Echinoderms  and  Mollusks  are  valuable  contributions  to 
the  science.  The  works  of  d'Archiac,  Coquand,  Cotteau,  Desor, 
Edwards,  Haime,  and  De  Verneuil,  are  likewise  of  permanent 
value. 

In  Italy,  Bellardi,  Merian,  Michellotti,  Phillipi,  Zingo,  and 
others,  contributed  important  results  to  Palaeontology. 

In  Belgium,  Bosquet,  Nyst,  Eoninck,  Ryckholt,  Van  Beneden, 

^Description  des  coqu{Ue$/o9»Uetde$environ$de  Paris.   Jivols.    Paris,  182i-37. 
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and  others,  have  all  aided  materially  in  the  progress  of  the 
science. 

In  England,  also,  invertebrate  fossils  were  studied  with  care,  and 
continued  progress  was  made.  Sowerby's  "  Mineral  Conchology 
of  Great  Britain,"  in  six  volumes,  a  systematic  work  of  great  value, 
was  published  in  1812-30,  and  soon  after  was  translated  into  French 
and  German.  Its  figures  of  fossil  shells  are  excellent,  and  it  is 
still  a  standard  work.  Miller's ''  Natural  History  of  the  Crinoidea," 
published  at  Bristol,  in  1821,  and  Austin's  later  monograph,  are 
valuable  for  reference.  Brown's  "  Fossil  Conchology  of  Britain 
and  Ireland"  appeared  in  1839,  and  Brodie's  History  of  the 
Fossil  Insects  of  England,  in  1845.  Phillips'  illustration  of  the 
geology  of  Yorkshire,  1829-36,  and  his  work  on  the  Palaeozoic 
fossils  of  Cornwall,  Devonshire,  and  West  Somerset,  1843,  con- 
tained a  great  deal  of  original  matter  in  regard  to  fossil  remains. 
Morris*  "  Catalogue  of  British  Fossils,"  issued  in  1843,  and  the 
later  edition  in  1854,  is  most  useful  to  the  working  palaeontologist. 
The  memoirs  of  Davidsoa  on  the  Brachiopoda,  Edwards,  Forbes, 
Morris,  Lycett,  Sharpe,  and  Wood  on  other  MoUusca,  Wright  on 
the  Echinoderms,  Salter  on  Crustacea,  Busk  on  Polyzoa,  Jones  on 
the  Entombstraca,  and  Duncan  and  Lonsdale  on  Corals,  arc  of 
especial  value.  King's  volume  on  Permian  fossils,  Mantell's 
various  memoirs,  Dixon's  work  on  the  fossils  of  Sussex,  1850, 
and  McCoy's  works  on  Palseozoic  fossils,  all  deserve  honorable 
mention.  Sedgwick,  Murchison,  and  Lyell,  although,  their  greatest 
services  were  in  systematic  geology,  each  contributed  important 
results  to  the  kindred  science  of  palaeontology  during  the  period 
we  are  reviewing. 

In  Germany,  Schlotheim's  treatise,  "Dte  PetrifactenJainde" 
published  at  Gotha  in  1820,  did  much  to  promote  a  general  interest 
in  fossils.  By  far  the  most  important  work  issued  on  this  subject 
was  the  "  Petrifacta  Germanica"  by  Goldfuss,  in  three  folio 
volumes,  1826  to  1844,  which  has  lost  little  of  its  value.  Bronn's 
"  Geschichte  der  Natur^"  1841-46,  was  a  work  of  great  labor,  and 
one  of  the  most  useful  in  the  literature  of  this  period.  The 
author  gave  a  list  of  all  the  known  fossil  species,  with  full  refer- 
ences, and  also  their  distribution  through  the  various  formations. 
This  gave  exact  data  on  which  to  base  generalizations,  hitherto  of 
comparatively  little  value. 

Among  other  early  works  of  interest  in  this  department  may  be 
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mentioned,  Dalman's  memoir  on  Trilohites^  1828,  and  Burmeister's 
on  the  same  subject,  1843.  Giebel's  well  known  *'^  Fauna  der 
Vorwelt,"  1847-1856,  gave  lists  of  all  the  fossils  described  up  to 
that  time,  and  hence  is  a  very  useful  work.  The  "  Lethcea  Oeog- 
nastica  "  by  Broun,  1834-38,  and  the  second  edition  by  Bronn  and 
Roemer,  1846-56,  is  a  comprehensive  general  treatise  on  Palae- 
ontology, and  the  most  valuable  work  of  the  kind  3'et  published. 
The  researches  of  Ehrenberg,  in  regard  to  the  lowest  forms  of 
animals  and  plants,  threw  much  light  on  various  points  in  False- 
ontology,  and  showed  the  origin  of  extensive  deposits,  the  nature 
of  which  had  before  been  in  doubt.  Von  Buch,  Barrande,  Beyrich, 
Berendt,  Dunker,  Geinitz,  Heer,  Homes,  Klipstein,  Von  Munster, 
Reuss,  Roemer,  Sandberger,  Suess,  Von  Hagenow,  Von  Hauer, 
Zeiten,  and  many  others,  all  aided  in  the  advancement  of  this 
branch  of  science.  Angelih,  Hisinger,  and  Nilsson,  in  Scandi- 
navia; Abich,  DeWaldheim,  Eichwald,  Keyserling,  Kutorga, 
Nordmann,  Pander,  Rouillier,  and  Volborth,  in  Russia ;  and  Pusch 
in  Poland,  published  important  results  on  fossil  invertebrates. 

The  impetus  given  by  Cuvier  to  the  study  of  vertebrate  fossils 
extended  over  Europe,  and  great  efforts  were  'made  to  continue 
discoveries  in  the  direction  he  had  so  admirably  pointed  out. 

Louis  Agassiz  (1807-73),  a  pupil  of  Cuvier,  and  long  an  ho^jored 
member  of  this  association,  attained  eminence  in  the  study  of 
ancient  as  well  as  of  recent  life.  His  great  work  on  Fossil 
Fishes  ^^  deserves  to  rank  ne^t  to  Cuvier's  "  Ossemens  FoaailesJ* 
The  latter  contained  mainly  fossil  mammals  and  reptiles,  while 
the  fishes  were  left  without  a  historian  till  Agassiz  began,  his 
investigations.  His  studies  had  admirably  fitted  him  for  the  task, 
and  his  industry  brought  together  a  vast  array  of  facts  bearing  on 
the  subject.  The  value  of  this  grand  work  consists  not  only  in 
its  faithful  descriptions  and  plates,  but  also  in  the  more  profound 
results  it  contained.  Agassiz  first  showed  that  there  is  a  corre- 
spondence between  the  succession  of  fishes  in  the  rocks,  and  their 
embryonal  development.  This  is  now  thought  to  be  one  of  the 
strongest  points  in  favor  of  evolution,  although  its  discoverer 
interpreted  the  facts  as  bearing  the  other  way. 

Pander's  memoirs  on  the  fossil  fishes  of  Russia  form  a  worthy 
supplement  to  Agassiz's  classic  work.    Brandt's  publications  are 

^  Becherche$  tur  Us  Poistont  fotsilet,  1883-46. 
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likewise  of  great  value ;  and  those  of  Lund,  in  Sweden,  have  an 
especial  interest  to  Americans,  in  consequence  of  his  researches 
in  the  caves  of  Brazil. 

Croizet  and  Jobert's  "  Recherches  8ur  les  osaemens  fossUes  du 
department  du  Puy-de'Dome^"  published  in  1828,  contained  valua- 
ble results  in  regard  to  fossil  mammals.  Geoffroy  St.  Hilaire's 
researches  on  fossil  Reptiles,  published  in  1831,  were  an  important 
advance.  De  Serres  and  De  Christol's  explorations  in  the  caverns 
in  the  South  of  France,  published  between  1829  and  1839,  were 
of  much  value.  Schmerling's  researches  in  the  caverns  of  Belgium, 
published  in  1833-36,  were  especially  important  on  account  of  the 
discovery  of  human  remains  mingled  with  those  of  extinct  animals. 
Deslongchamp's  memoirs  on  fossil  reptiles,  1835,  are  still  of  great 
interest.  Pictet's  general  treatise  on  palaeontology  was  a  valuable 
addition  to  the  literature,  and  has  done  much  to  encourage  the 
study  of  fossils.15  DeBlainville,  in  his  grand  work,  "  Osteographie^*' 
issued  in  1839-56,  brought  together  the  remains  of  living  and 
extinct  vertebrates,  forming  a  series  of  the  greatest  value  for 
study.  Aymard  and  Pomel's  contributions  to  vertebrate  Palae- 
ontology are  both  of  value.  Gervais  and  Lartet  added  much  to 
our  knowledge  of  the  subject,  and  Bravard  and  Hubert's  memoirs 
are  well  known. 

The  brilliant  discoveries  of  Cuvier  in  the  Paris  Basin,  excited 
great  interest  in  England,  and  when  it  was  found  that  the  same 
Tertiary  strata  existed  in  the  south  of  England,  careful  search 
was  made  for  vertebrate  fossils.  Remains  of  some  of  the  same 
genera  described  by  Cuvier  were  soon  discovered,  and  other  extinct 
animals  new  to  science  were  found  in  various  parts  of  the  kingdom. 
Konig,  to  whom  we  owe  the  name  Ichthyosaurus,  and  Conybeare, 
who  gave  the  generic  designation  Plesiosaurus,  and  also  Mosa- 
saurus,  were  among  the  earliest  writers  in  England  on  fossil 
reptiles.  The  discovery  of  these  three  extinct  types,  and  the 
discussion  as  to  their  nature,  forms  a  most  interesting  chapter  in 
the  annals  of  Palaeontology.  The  discovery  of  the  Iguanodon,  by 
Man  tell,  and  the  Megalosaurus,  by  Buckland,  excited  still  higher 
interest.  These  great  reptiles  differed  much  more  widely  from 
living  forms  than  the  mammals  described  by  Cuvier,  and  the 
period  in  which  they  lived  soon  became  known  as  the  "age  of 

""7Va«<r  iUmentaire  de  paldontologie,^'  etc.,  Qenh)e,  4  vols,  1844-46.  Second 
Edition.    Paris,  1853-^. 
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Reptiles."  The  subsequent  i*e8earches  of  these  authors  added 
lai^ely  to  the  existing  knowledge  of  various  extinct  forms,  and 
their  writings  did  much  to  arouse  public  interest  in  the  subject. 

Richard  Owen,  a  pupil  of  Cuvier,  followed,  and  brought  to  bear 
upon  the  subject  an  extensive  knowledge  of  comparative  anatomy, 
and  a  wide  acquaintance  with  existing  forms*.  His  contributions 
have  enriched  almost  every  department  of  palaeontology,  and  of 
extinct  vertebrates  especially,  he  has  been,  since  Cuvier,  the  chief 
historian.  The  fossil  reptiles  of  England,  he  has  systematically 
described,  as  well  as  those  of  South  Africa.  The  extinct  Struthi- 
ous  birds  of  New  Zealand,  he  has  made  known  to  science,  and  ac- 
curately described  in  extended  memoirs.  His  researches  on  the 
fossil  mammals  of  Great  Britain,  the  extinct  Edentates  of  South 
America,  and  the  ancient  Marsupials  of  Australia,  each  forms  an 
important  chapter  in  the  history  of  our  science. 

The  personal  researches  of  Falconer  and  Cautley  in  the  Sewalik 
Hills  of  India  brought  to  light  a  marvellous  vertebrate  fauna  of 
Pliocene  age.  The  remains  thus  secured  were  made  known  in 
their  great  work,  ^^ Fauna  Antiqua  Sivalensis"  published  at  Lon- 
don in  1845.  The  important  contributions  of  Egerton  to  our 
knowledge  of  fossil  fishes,  and  Jardine's  well  known  work, 
*'  Ichnology  of  Annandale,"  also  belong  to  this  period. 

The  study  of  vertebrate  fossils  in  Germany  was  prosecuted  with 
much  success  during  the  present  period.  Blumenbach,  the  ethnol- 
ogist, in  several  publications  between  1803  and  1814,  recorded 
valuable  observations  on  this  subject.  In  1812,  Sommerring  gave 
an  excellent  figure  of  a  pterodactyle,  which  he  named  and  de- 
scribed. Goldfuss*  researches  on  the  fossil  vertebrates  from  the 
Caves  of  Germany,  published  in  1820-23,  made  known  the  more 
important  facts  of  that  interesting  fauna.  His  later  publications 
on  extinct  Amphibians  and  Reptiles  were  also  noteworthy.  Jager's 
investigations  on  the  extinct  vertebrate  fauna  of  Wurtemberg, 
published  between  1824  and  1839,  were  an  important  advance. 
To  Plieninger's  researches  in  the  same  region,  1834-44,  we  owe 
the  discovery  of  the  first  Triassic  mammal  (Microlestes)^  as  well 
as  important  information  in  regard  to  Labyrinthodonts.  Kaup's 
researches  on  fossil  mammals,  1832-41,  brought  to  light  many 
interesting  forms,  and  to  him  we  are  indebted  for  the  generic  name 
Dinotkeriuniy  and  excellent  descriptions  of  the  remains  then 
known. 
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Count  Miinster's  ^^Beitrage  zur  PetrifcuUen-Kunde,*^  published 
1843-46,  contained  several  valuable  papers  on  fossil  vertebrates ; 
and  the  separate  papers  by  the  same  author  are  of  interest.  An- 
dreas Wagner  wrote  on  Pterosaurians  in  1837,  and  later  gave  the 
first  description  of  fossil  mammals  of  the  Tertiary  of  Greece, 
1837-40.  Johannes  Muller  published  an  important  illustrated 
work  on  Zeuglodonts,  in  1849,  and  various  notable  memoirs ;  and 
Quenstedt,  interesting  descriptions  of  fossil  reptiles,  as  well  as 
other  papers  of  much  value.  Butimeyer*s  suggestive  memoirs  are 
widely  known. 

Hermann  von  Meyer's  contributions  to  vertebrate  palaeontology 
are  by  far  the  most  important  published  in  Germany  during  the 
period  we  are  now  considering.  From  1830,  his  investigations  on 
this  subject  were  continuous  for  nearly  forty  years,  and  his  various 
publications  are  all  of  value.  His  ^^Beitrdge  zur  Petrifactenkundey* 
1831-33,  contains  a  series  of  valuable  memoirs.  His  ^^Palceolog' 
tea,"  issued  in  1832,  includes  a  synopsis  of  the  fossil  vertebrates 
then  known,  with  much  onginal  matter.  His  great  work,  "  Zur 
Fauna  der  Vorwelt"  1845-60,  includes  a  series  of  monographs  in- 
valuable to  the  student  of  vertebrate  palaeontology.  This  work, 
as  well  as  his  other  chief  publications,  was  illustrated  with  admir- 
able plates  from  his  own  drawings.  Other  memoirs  by  this  author 
will  be  found  in  the  ^^Paloeontogi'aphica"  of  which  he  was  one  of 
the  editors.  In  the  many  volumes  of  this  publication,  which  began 
in  1851,  and  is  still  continued,  will  be  found  much  to  interest  the 
investigator  in  any  branch  of  palaeontology. 

The  '*  Palaeontographical  Society  of  London,"  established  in 
1847,  has  also  issued  a  series  of  volumes  containing  valuable  me- 
moirs in  various  branches  of  Palaeontology.  These  two  publica- 
tions together  are  a  storehouse  of  knowledge  in  regard  to  extinct 
forms  of  animal  and  vegetable  life. 

It  may  be  interesting  here  to  note  briefly  the  use  of  general 
terms  in  Palaeontology,  as  the  gradual  progress  of  the  science  was 
indicated  to  some  extent  in  its  terminology.  At  first,  and  for  a 
long  time,  the  name  ^^fossiV*  was  appropriately  used  for  objects 
dug  from  the  earth,  both  minerals  and  organic  remains.  The  term 
"  Oryctology,"  having  essentially  the  same  meaning,  was  also  used 
for  this  branch  of  study.  For  a  long  period,  too,  the  termination 
itea  {Xi&oqy  a  stone)  was  applied  to  fossils  to  distinguish  them  from 
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the  corresponding  living  forms;  as,  for  instance;  ^^ Ostracites^** 
used  by  Pliny.  At  a  later  date,  the  general  name  "figured  stones" 
Qapides  figurati)  was  extensively  used  ;  and  less  frequently,  "Del- 
uge stones"  {lapides  diluviani).  The  term  "organized  fossils"  wad 
used  to  distinguish  fossils  from  minerals,  when  the  real  difference 
became  known,  although  ^^ ReliquicR**  was  sometimes  employed. 
The  term  "petrifactions"  (Petrificata)  was  defined  by  John  Gesner 
in  his  work  on  fossils  is  1758,  and  was  afterwards  extensively  used. 
Palseontology  is  comparatively  a  modern  term,  having  come  into 
use  only  within  the  last  half  century.  It  was  introduced  about 
1830,  and  soon  was  generally  adopted  in  France  and  England  ;  but 
in  Germany  it  met  with  less  favor,  though  used  to  some  extent. 

It  would  be  interesting,  too,  did  time  .permit,  to  trace  the  var- 
ious opinions  and  superstitions,  held  at  different  times,  in  regard 
to  some  of  the  more  common  fossils,  for  example,  the  Ammonite, 
or  the  Belemnite.  Of  their  supposed  celestial  origin  ;  of  their  use 
as  medicine  by  the  ancients,  and  in  the  East  to-day;  of  their 
marvellous  power  as  charms,  among  the  Romans,  and  still  among 
the  American  Indians.  It  would  be  instructive,  also,  to  compare 
the  various  views  expressed  by  students  in  science,  concerning 
some  of  the  stranger  extinct  forms,  for  instance,  the  Nummulites, 
among  Protozoa ;  the  Rudistes,  among  Mollusks ;  or  the  Mosasau-' 
rus,  among  Reptiles.  Dissimilar  as  such  views  were,  they  indicate 
in  many  cases  gropings  after  truth, — natural  steps  in  the  increase 
of  knowledge. 

The  third  period  in  the  history  of  Palaeontology,  which,  as  I  have 
said,  began  with  Cuvier  and  Lamarck  at  the  beginning  of  the  pres- 
ent century,  forms  a  natural  epoch  extending  through  six  decades. 
The  definite  characteristics  of  this  period,  as  stated,  were  domi- 
nant during  all  this  time,  and  the  progress  of  Palaeontology  was 
commensurate  with  that  of  intelligence  and  culture. 

For  the  first  half  of  this  period,  the  marvellous  discoveries  in  the 
Paris  Basin  excited  astonishment,  and  absorbed  attention ;  but  the 
real  significance  and  value  of  the  facts  made  known  by  Cuvier,  La- 
marck, and  William  Smith,  were  not  appreciated.  There  was  still 
a  strong  tendency  to  regard  fossils  merely  as  interesting  objects 
of  natural  history,  as  in  the  previous  period,  and  not  as  the  key 
to  profounder  problems  in  the  earth's  history.    Many  prominent 


Digitized  by  VjOOQ IC 


82  ADDRESS  OF 

geologists  were  still  endeavoring  to  identify  formations  in  dif- 
ferent countries  by  their  mineral  characters,  rather  than  by  the 
fossils  imbedded  in  them.  Such  names  as  ^^Oid  Bed  Sandstone," 
and  "New  Red  Sandstone,"  were  given  in  accordance  with  this 
opinion.  Humboldt,  for  example,  attempted  to  compare  the  for- 
mations of  South  America  and  Europe  by  their  mineral  features, 
and  doubted  the  value  of  fossils  for  this  purpose.  In  1823,  he 
wrote  as  follows:  "Are  we  justified  in  concluding  that  all  forma- 
tions are  characterized  by  particular  species  ?  that  the  fossil  shells 
of  the  chalk,  the  muschelkalk,  the  Jura  limestone,  and  the  Alpine 
limestones,  are  all  different  ?  I  think  this  would  be  pushing  the 
induction  much  too  far."  ^^  Jameson  still  thought  minerals  more 
important  than  fossils  for  characterizing  formations ;  while  Bake- 
well,  later  yet,  defines  Palaeontology  as  comprising  "  Fossil  Zoology 
and  Fossil  Botany,  a  knowledge  of  which  may  appear  to  the 
student  as  having  little  connection  with  Geology." 

During  the  later  half  of  the  third  period,  greater  progress  was 
made,  and  before  its  close  Geology  was  thoroughly  established  as 
a  science.  Let  us  consider  for  a  moment  what  had  really  been 
accomplished  up  to  this  time. 

It  had  now  been  proved  beyond  question  that  portions  at  least 
of  the  Earth's  surface  had  been  covered  many  times  by  the  sea, 
with  alternations  of  fresh  water  and  of  land ;  that  the  strata  thus 
deposited  were  formed  in  succession,  the  lowest  of  the  series  being 
the  oldest ;  that  a  distinct  succession  of  animals  and  plants  had 
inhabited  the  earth  during  the  different  geological  periods;  and 
that  the  order  of  succession  found  in  one  part  of  the  earth  was 
essentially  the  same  in  all.  More  than  30,000  new  species  of 
extinct  animals  and  plants  had  now  been  described.  It  had  been 
found,  too,  that  from  the  oldest  formations  to  the  most  recent, 
there  had  been  an  advance  in  the  grade  of  life,  both  animal  and 
vegetable,  the  okiest  forms  being  among  the  simplest,  and  the 
higher  forms  successively  making  their  appearance. 

It  had  now  become  clearly  evident,  moreover,  that  the  fossils 
from  the  older  formations  were  all  extinct  species,  and  that  only 
in  the  most  recent  deposits  were  there  remains  of  forms  still  living. 
The  equally  important  fact  had  been  established,  that  in  several 
gropps  of  both  animals  and  plants,  the  extinct  forms  were  vastly 
more  numerous  than  the  living;   while  several  orders  of  fossil 
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animals  had  no  representatives  in  modem  times.  Human  remains 
had  been  found  mingled  with  those  of  extinct  animals,  but  the 
association  was  regarded  as  an  accidental  one  by  the  authorities 
in  science ;  and  the  very  recent  appearance  of  Man  on  the  earth 
was  not  seriously  questioned.  Another  important  conclusion 
reached,  mainly  through  the  labors  of  Lyell,  was,  that  the  earth 
had  not  been  subjected  in  the  past  to  sudden  and  violent  revolu- 
tions ;  but  the  great  changes  wrought  had  been  gradual,  differing 
in  no  essential  respect  from  those  still  in  progress.  Strangely 
enough,  the  corollary  to  this  proposition,  that  Life,  too,  had  been 
continuous  on  the  earth,  formed  at  that  date  no  part  of  the 
common  stock  of  knowledge. 

In  the  physical  world,  the  great  law  of  *'  Correlation  of  forces  " 
had  been  announced,  and  widely  accepted ;  but  in  the  organic 
world,  the  dogma  of  the  miraculous  creation  of  each  separate 
species  still  held  sway,  almost  as  completely  as  when  Linnssus 
declared:  *' There  are  as  many  different  species  as  there  were 
different  forms  created  in  the  beginning  by  the  Infinite  Being." 
But  the  dawn  of  a  new  era  was  already  breaking,  and  the  third 
period  of  paleontology  we  may  consider  now  at  an  end. 

Just  twenty  years  ago,  science  had  reached  a  point  when  the 
belief  in  ^^  special  creatioivi "  was  undermined  by  well  established 
facts,  slowly  accumulated.  The  time  was  ripe.  Many  naturalists 
were  working  at  the  problem,  convinced  that  Evolution  was  the 
key  to  the  present  and  the  past.  But  how  had  Nature  brought 
this  change  about?  While  others  pondered,  Darwin  spoke  the 
magic  word  —  ^^  Natural  Sdection"  and  a  new  epoch  in  science 
began. 

The  fourth  period  in  the  history  of  Palaeontology  dates  from 
this  time,  and  is  the  period  of  to-day.  One  of  the  main  charac- 
teristics of  this  epoch  is  tlie  belief  that  all  life,  living  and  extinct^ 
has  been  evolved  from  simple  formA.  Another  prominent  feature 
is  the  accepted  fact  of  the  great  antiquity  of  the  human  race.  These 
are  quite  sufllcicnt  to  distinguish  this  period  sharply  from  those 
that  preceded  it. 

The  publication  of  Charles  Darwin's  work  on  the  "  Origin  of 

Species,"  November,  1859,  at  once  aroused  attention,  and  started 

a  revolution  which  has  already  in  the  short  space  of  two  decades 

changed  the  whole  course  of  scientific  thought.    The  theory  of 
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*^Natara1  Selection/'  or  as  Spencer  bas  happily  termed  it,  the 
*'  Survival  of  the  Fittest,"  had  been  worked  out  independently  bj 
Wallace,  who  justly  shares  the  honor  of  the  discovery.  We  have 
seen  that  the  theory'  of  Evolution  was  proposed  and  advocated  by 
Lamarck,  but  he  was  before  his  time.  The  anonymous  author  of 
the  "Vestiges  of  Creation,"  which  appeared  in  1844,  advocated  a 
somewhat  similar  theory  which  attracted  much  attention,  but  the 
belief  that  .species  were  immutable  was  not  sensibly  affected  until 
Darwin's  work  appeared. 

The  difference  between  Lamarck  and  Darwin  is  essentially  this : 
Lamarck  proposed  the  theoiy  of  Evolution  ;  Darwin  changed  this 
into  a  doctrine,  which  is  now  guiding  the  investigations  in  all  de- 
partments of  biology.  Lamarck  failed  to  realize  the  importance 
of  time,  and  the  interaction  of  life  on  life.  Darwin,  by  combining 
these  influences  with  those  also  suggested  by  Lamarck,  has  shown 
how  the  existing  forms  on  the  earth  may  have  been  derived  from 
those  of  the  past. 

This  revolution  has  influenced  Palaeontology  as  extensively  as 
any  other  department  of  science,  and  hence  the  new  period  we  are 
discussing.  In  the  last  epoch,  species  were  represented  independ- 
ently, by  parallel  lines ;  in  the  present  period,  they  are  indicated 
by  dependent,  branching  lines.  The  former  was  the  analytic,  the 
latter  is  the  synthetic,  period.  To-day,  the  animals  and  plants 
now  living  are  believed  to  be  genetically  connected  with  those  of 
the  distant  past ;  and  the  palaeontologist  no  longer  deems  species 
of  the  first  importance,  but  seeks  for  relationships  and  genealogies, 
connecting  the  past  with  the  present.  Working  in  this  spirit,  and 
witli  such  a  method,  the  advance  during  the  last  decade  has  been 
great,  and  is  an  earnest  of  what  is  yet  to  come.  ^ 

The  progress  of  palaeontology  in  Great  Britain  during  the  pres- 
ent period  has  been  great,  and  the  general  interest  in  the  science 
much  extended.  The  views  of  Darwin  soon  found  acceptance 
here.  Next  to  his  discovery  of  "  Natural  Selection,"  Darwin  was 
fortunate  in  having  so  able  and  bold  an  expounder  as  Huxley ; 
who  was  one  of  the  first  to  adopt  his  theory,  and  give  it  a  vigor- 
ous support.  Huxley's  masterly  researches  have  been  of  great 
benefit  to  all  departments  of  Biology,  and  his  contributions  to 
Palaeontology  are  invaluable.  Among  the  4atter,  his  original  in^ 
vesUgatlonB  on  the  relations  of  Birds  and  Reptiles  are  especially 
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noteworthy.  His  yarious  memoirs  on  extinct  Reptiles,  Amphibi- 
ans and  Fishes,  belong  to  the  permanent  literature  of  the  subject. 
The  important  researches  of  Owen  on  the  fossil  vertebrates  have 
been  continued  to  the  present  time.  He  has  added  largely  to  his 
previous  publications  on  the  British  fossil  Reptiles,  Birds,  and 
Mammals;  the  extinct  reptiles  of  South  Africa,  and  the  Post- 
Tertiary  birds  of  New  Zealand.  His  description  of  the  Ai'choeop' 
tertfx  near  the  beginning  of  the  period  was  a  most  welcome 
contribution. 

The  investigations  of  Egerton  on  Fossil  Fishes  have  likewise 
been  continued  with  important  results.  Busk,  Dawkins,  Flower, 
and  Sanford  have  made  valuable  contributions  to  the  history  of 
fossil  Mammals.  Bell,  Giinthcr,  Hulke,  Lankester,  Newton,  Powrie, 
Miall,  Traquair,  and  Seely,  have  made  notable  additions  to  our 
knowledge  of  Reptiles,  Amphibians,  and  Fishes.  Among  In- 
vertebrates, the  Crustacea  have  been  especially  studied  by  Jones, 
Salter,  and  Woodward.  Davidson,  Etheridge,  Lycett,  Morris, 
Phillips,  Wood,  and  Wright  have  continued  their  researches  on  the 
Molliisks ;  Duncan,  Nicholson,  and  others  have  investigated  the 
extinct  corals;  and  Binney,  Carruthers,  and  Williamson,  the 
Fossil  Plants.  Numerous  other  important  contributions  have  been 
made  to  the  science  in  Great  Britain  during  the  present  period. 

On  the  Continent,  the  advance  in  Palaeontology  has,  during  the 
last  two  decades,  been  equally  gieat.  In  France,  Gervais  contin- 
ued his  memoirs  on  extinct  vertebrates  nearly  to  the  present  date ; 
while  Gaudry.has  published  several  volumes  on  the  subject  that 
are  models  for  all  students  of  the  science.  His  work  on  the  fossil 
animals  of  Greece  is  a  perfect  monograph  of  its  kind,  and  his 
later  publications  are  all  of  importance.  Lartet's  various  works 
are  of  permanent  value,  and  his  application  of  Palaeontology  to 
Archaeology  brought  notable  results.  The  volume  of  Alphonse 
Milne-Edwards  on  fossil  Crustacea  was  a  fit  supplement  to  Brong- 
niart  and  Desmarest*s  well  known  work ;  while  his  grand  memoir 
on  fossil  Birds  deserves  to  rank  with  the  classic  volumes  of  Cuvier. 
Blainville,  Duvernoy,  Filhol,  Hubert,  Sauvage  and  others  have  also 
published  interesting  results  on  fossil  vertebrates. 

Van  Beneden's  researches  on  the  fossil  vertebrates  of  Belgium 
have  produced  results  of  great  value.  Pictet,  Riitimeyer,  and 
Wiedersheim  in  Switzerland,  Bianconi,  Cornalia,  Costa,  Forsyth- 
Major,  and  Siamonda  in  Italy,  and  Nodot  in  Spain,  have  likewise 
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published  important  memoirs.  The  extinct  vertebrates  have 
been  studied  in  Germany  by  Von  Meyer,  Cams,  Fraas,  Giebeli 
Heckel,  Haase,  Hensel,  Kayser,  Kner,  Ludwig,  Peters,  Portis, 
Maack,  Salenka,  Steindaehner,  Zittel,  and  many  others ;  in  Hol- 
land by  Winkler,  in.  Denmark  by  Reinhardt ;  and  in  Rassia  by 
Brandt,  Eichwald  and  Kowalewsky. 

The  fossil  invertebrates  have  been  investigated  with  care  by 
D'Archiac,  D'Orbigny,  Bayle,  Coquand,  Cotteau,  Deslonchamps, 
Fromentel,  Oustalet,  and  others  in  France ;  Desor,  Loriol,  Mayer, 
Ooster,  and  Roux  in  Switzerland ;  Cappellini,  Cattulo,  Massa- 
longo,  Michellotti,  Meneghini,  Stoppani,  and  Sismonda  in  Italy; 
Barrande,  Benecke,  Beyrich,  Dames,  Dorn,  Ehlers,  Geinitz,  Giebel, 
Giimbel,  Feistmantel,  Hagen,  von  Hauer,  Hseckel,  von  Heyden, 
von  Fritsch,  Laube,  Oppel,  Quenstedt,  Roemer,  Schliiter,  Suess, 
Speyer,  and  Zittel  in  Germany,  and  Angelin,  Lindstrom,  LiJtkin, 
and  Sars  in  Sweden.  The  fossil  Plants  have  been  studied  in  these 
countries  by  Massalongo,  Saporta,  Zigno,  Fiedler,  Goldenberg, 
Gehler,  Heer,  Goeppert,  Ludwig,  Schimper,  Schenk,  and  many 
others. 

Among  the  recent  researches  in  Palaeontology  in  other  regions 
may  be  mentioned  those  of  Blanford,  Feistmantel,  Lydekker,  and 
Stoliczka,  in  India ;  Haast  and  Hector  in  New  Zealand,  and  Krefil 
and  McCoy  in  Australia;  all  of  whom  have  published  valuable 
results. 

Of  the  progress  of  palaeontology  in  America,  I  have  thus  far 
eaid  nothing,  and  I  need  now  say  but  little,  as  many  of  you  are 
doubtless  familiar  with  its  main  features.  During  the  first  and 
second  periods  in  the  history  of  palaeontology,  as  I  have  detined 
them,  America,  for  most  excellent  reasons,  took  no  part.  In  the 
present  century,  during  the  third  period,  appear  the  names  of 
Bigsby,  Green,  Morton,  Mitchell,  Rafinesque^  Say,  and  Troost, 
all  of  whom  deserve  mention.  More  recentl}',  the  researches  of 
Conrad,  Dana,  Deane,  DeKay,  Emmons,  Gibbes,  Hitchcock,  Holmes, 
Lea,  McChesney,  Owen,  RedOeld,  Rogers,  Shumard,  Swallow,  and 
many  others,  have  enlarged  our  knowledge  of  the  fossils  of  this 
country. 

The  contributions  of  James  Hall  to  the  Invertebrate  Palaeon* 
tology  of  this  country  form  the  basis  of  our  present  knowledge  of 
the  subject.    The  extensive  labors  of  Meek  in  the  same  depart- 
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ment  are  likewise  entitled  to  great  credit,  and  will  form  an  im- 
portant chapter  in  the  history  of  the  science.  The  memoirs  of 
Billings,  Gabb,  Scudder,  White,  and  Whitfield  are  nameroud  and 
important ;  and  the  publications  of  Derby,  Hartt,  Hyatt,  James, 
Miller,  Shaler,  Rathbun,  Rominger,  Vogdes,  Whiteaves,  and  Win- 
chell,  are  also  of  value.  To  Dawson,  Lesquereux,  and  Newberry, 
we  mainly  owe  our  present  knowledge  of  the  fossil  plants  of  this 
country. 

The  foundation  of  our  vertebrate  Palaeontology  was  laid  by 
Leidy,  whose  contributions  have  enriched  nearly  every  department 
of  the  subject.  The  numerous  publications  of  Cope  are  well 
known.  Agassiz,  Allen,  Baird,  Dawson,  Deane,  DeKay,  Emmons, 
Gibbes,  Harlan,  Hitchcock,  Jefferson,  Lea,  LeConte,  Newberry, 
Redfield,  St.  John,  Warren,  Whitney,  Worthen,  Wyman,  and 
others,  have  all  added  to  our  knowledge  of  American  fossil  verte- 
brates. The  chief  results  in  this  department  of  our  subject,  I  have 
already  laid  before  you  on  a  previous  occasion,  aud  hence  need 
not  dwell  upon  them  here. 

In  this  rapid  sketch  of  the  history  of  Palaeontology,  I  have 
thought  it  best  to  speak  of  the  earlier  periods  more  in  detail,  as 
they  are  less  generally  known,  and  especially  as  they  indicate  the 
growth  of  the  science,  and  the  obstacles  it  had  to  surmount.  With 
the  present  work  in  palaeontology,  moreover,  you  are  all  more  or 
less  familiar,  as  the  results  are  now  part  of  the  current  literature. 
To  assign  every  important  discovery  to  its  author,  would  have  led 
me  far  beyond  my  present  plan.  I  have  only  endeavored  to  in- 
dicate the  growth  of  the  science  by  citing  the  more  prominent 
works  that  mark  its  progress,  or  illustrate  the  prevailing  opinions 
and  state  of  knowledge  at  the  time  they  were  written. 

In  considering  what  has  been  accomplished,  directly  or  indi- 
rectly, it  is  well  to  bear  in  mind  that  without  palaeontology  there 
would  have  been  no  science  of  geology.  The  latter  science  origi- 
nated from  the  study  of  fossils,  and  not  the  reverse,  as  generally 
supposed.  Palaeontology,  therefore,  is  not  a  mere  branch  of  geol- 
ogy but  the  foundation  on  which  that  science  mainly  rests.  This 
fact  is  a  sufficient  excuse,  if  one  were  wanting,  for  noting  the  early 
opinions  in  regard  to  the  changes  of  the  earth's  surface,  as  these 
changes  were  first  studied  to  explain  th€  position  of  fossils.  The 
investigation  of  the  latter  first  led  to  theories  of  the  earth's  for- 
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mation,  and  thus  to  geology.  When  speculation  replaced  obser- 
Tation,  fossils  were  discarded,  and  for  a  time  the  mineral  charac- 
ters of  strata  were  thought  to  be  the  key  to  their  position  and  age. 
For  some  time  after  this,  geologists,  as  we  have  seen,  apologized 
for  using  fossils  to  determine  formations,  ^but  for  the  last  half 
century  their  value  for  this  purpose  has  been  fully  recognized. 

The  services  which  Palfleontology  has  rendered  to  Botany  and 
Zoology  are  less  easy  to  estimate,  but  are  very  extensive.  The 
classification  of  these  sciences  has  been  rendered  much  more  com- 
plete by  the  intercalation  of  many  intermediate  forms.  The  prob- 
able origin  of  various  living  species  has  been  indicated  by  the 
genealogies  suggested  by  extinct  types ;  while  our  knowledge  of 
the  geographical  distribution  of  animals  and  plants  at  the  present 
day  has  been  greatly  improved  by  the  facts  brought  out  in  regard 
to  the  former  distribution  of  life  on  the  globe. 

Among  the  vast  number  of  new  species  which  have  been  added 
are  the  representatives  of  a  number  of  new  orders  entirely  un- 
known among  living  forms.  The  distribution  of  these  extinct 
orders,  among  the  different  classes,  is  interesting,  as  the}'  are  mainly 
confined  to  the  higher  groups.  Among  the  fossil  Plants,  no  new 
orders  have  yet  been  found.  There  are  none  known  among  the 
Protozoa,  or  the  Mollusca.  The  Radiates  have  been  enriched  by 
the  extinct  orders  of  Blastoidea,  Cystidea,  and  Edrioasterida ;  and 
the  Crustaceans  by  the  Eurypterida  and  Trilobita.  Among  the 
Vertebrates,  no  extinct  order  of  fossil  Fishes  has  yet  been  found ; 
but  the  Amphibians  have  been  enlarged  by  the  important  order 
Labyrintbodonta.  The  greatest  additions  have  been  among  the 
Reptiles,  where  the  mnjorit}'  of  the  orders  are  extinct.  Here  we 
have  at  the  present  date  the  Ichthyosauria,  Sauranodontia,  Plesio- 
sauria  and  Mosa^auria,  among  the  marine  forms ;  the  Pterosauria, 
including  the  Pteranodontia,  containing  the  flying  forms  ;  and  the 
Dinosauria,  including  the  Sauropoda — the  giants  among  reptiles ; 
likewise  the  Dicynodontia,  and  probably  the  Theriodontia,  among 
the  terrestrial  forms.  Although  but  few  fossil  Birds  have  been 
found  below  the  Tertiary,  we  have  already  among  the  Mcsozoio 
forms  three  new  orders :  the  Saururse,  represented  by  ArcJiceopteryx ; 
the  OdontotormflB,  with  Ichthyornis  as  the  type  ;  and  the  Odontolcse, 
based  upon  Hesperomis;  all  of  these  orders  being  included  in  the 
sub-class  Odontornithes,  or  toothed  birds.  Among  Mammals,  the 
new  groups  regarded   as  orders  are  the  Toxodontia,  and  the 


Digitized  by  VjOOQ IC 


PRESIDBNT  HABSH.  39 

DiDOcerata,  among  the  Ungulates ;  and  the  Tillodontia,  including 
strange  Eocene  Mammals  whose  exact  affinities  are  yet  to  be 
determined. 

Among  the  important  results  in  vertebrate  paleeontology,  are 
the  genealogies,  made  out  with  considerable  probability,  for  various 
existing  animals.  Many  of  the  larger  mammals  have  been  traced 
back  through  allied  forms  in  a  closely  connected  series  to  early 
Tertiary  times.  In  several  cases  the  series  are  so  complete  that 
there  can  be  little  doubt  that  the  line  of  descent  has  been  estab- 
lished. The  Evolution  of  the  horse,  for  example,  is  to-day 
demonstrated  by  the  specimens  now  known.  The  demonstration 
in  one  case  stands  for  all.  The  evidence  in  favor  of  the  genealogy 
of  the  horse  now  rests  on  the  same  foundation  as  the  proof  that 
any  fossil  bone  once  formed  part  of  the  skeleton  of  a  living  animal. 
A  special  creation  of  a  single  bone  is  as  probable  as  the  special 
creation  of  a  single  species.  The  method  of  the  palaeontologist  in 
the  investigation  of  the  one,  is  the  method  for  the  other.  The 
only  choice  lies  between  natural  derivation  and  supematurdl 
creation. 

For  such  reasons  it  is  now  regarded  among  the  active  workers 
in  science  as  a  waste  of  time  to  discuss  the  truth  of  Evolution. 
The  battle  on  this  point  has  been  fought,  and  won. 

The  geographical  distribution  of  animals  and  plants,  as  well  as 
their  migrations,  has  received  much  new  light  from  Palfleontoiogy. 
The  fossils  found  in  some  natural  divisions  of  the  earth  are 
related  so  closely  to  the  forms  now  living  there,  that  a  genetic 
connection  between  them  can  hardly  be  doubted.  The  extinct 
Marsupials  of  Australia,  and  the  Edentates  of  South  America, 
are  well  known  examples.  The  Pliocene  hippopotami  of  Asia 
and  the  South  of  Europe  point  directly  to  migrations  from  Africa. 
Other  similar  examples  are  numerous.  The  fossil  plants  of  the 
Arctic  region  prove  the  existence  of  a  climate  there  far  milder 
than  at  present,  and  recent  researches  at  least  render  more  proba- 
ble the  suggestion,  made  long  ago  by  Buffon,  in  his  *'  Epochs  of 
Nature,"  that  life  began  in  the  polar  regions,  and  by  successive 
migrations  from  them  the  continents  were  peopled. 

The  great  services  which  Comparative  Anatomy  rendered  to 
Palaeontology  at  the  hands  of  Cuvier,  Agassiz,  Owen,  and  others. 
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have  been  amply  repaid.  The  solution  of  some  of  the  most 
difficult  problems  in  Anatomy  has  received  scarcely  less  aid  from 
the  extinct  forms  discovered,  than  from  Embryology ;  and  the  two 
lines  of  research  supplement  each  other.  Our  present  knowledge 
of  the  vertebrate  skull,  the  limb-arches,  and  the  limbs,  has  been 
much  enlarged  by  researches  in  Palaeontology.  On  the  other 
hand,  tlie  recent  labors  of  Gegenbaur,  Huxley,  Parker,  Balfour, 
and  Thacher,  will  make  clear  many  obscure  points  in  ancient  Life. 
One  of  the  important  results  of  recent  palaeontological 
research,  is  the  law  of  brain-growth,  found  to  exist  among  ex- 
tinct mammals,  and  to  some  extent  in  other  vertebrates,  Accord- 
ing to  this  law,  as  I  have  briefly  stated  it  elsewhere  :  "All  Tertiary 
mammals  had  small  brains.  There  was,  also,  a  gradual  increase 
in  the  size  of  the  brain  during  this  period.  This  increase  was 
confined  mainly  to  the  cerebral  hemispheres,  or  higher  portions  of 
the  brain.  In  some  groups,  the  convolutions  of  the  brain  have 
gradually'  become  more  complicated.  In  some,  the  cerebellum  and 
the  olfactory  lobes  have  even  diminished  in  size."  More  recent 
researches  render  it  probable  that  the  same  general  law  of  brain- 
growth  holds  good  for  birds  and  reptiles  from  the  Mesozoic  to  the 
present  time.  The  Cretaceous  birds,  that  have  been  investigated 
with  reference  to  this  point,  had  brains  only  about  one-third  as 
large  in  proportion  as  those  nearest  allied  among  living  species. 
The  Dinosaurs  from  our  Western  Jurassic  follow  the  same  law, 
and  had  brain  cavities  vastly  smaller  than  an}*  existing  reptiles. 
Many  other  facts  point  in  the  same  direction,  and  indicate  that 
the  general  law  will  hold  good  for  all  extinct  vertebrates. 

Palaeontology  has  rendered  great  service  to  the  more  recent 
science  of  Archaeology.  At  the  beginning  of  the  present  period, 
a  re-examination  of  the  evidence  in  regard  to  the  antiquity  of  the 
human  race  was  going  on,  and  important  results  were  soon  at- 
tained. Evidence  in  favor  of  the  presence  of  man  on  the  earth 
at  a  period  far  earlier  than  the  accepted  chronology  of  six  thousand 
years  would  imply,  had  been  gradually  accumulating;  but  had 
been  rejected  from  time  to  time  by  the  highest  authorities.  In 
1823,  Cuvier,  Brongniart,  and  Buckland,  and  later,  Lyell,  refused 
to  admit  that  human  relics,  and  the  bones  of  extinct  animals 
found  with  them,  were  of  the  same  geological  age,  although  ex- 
perienced geologists,  such  as  Bou6  and  others,  had  been  convinced 
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by  collecting  them.  Christol,  Serres,  and  Tonrnal,  in  France, 
and  Schmerling  in  Belgium,  had  found  human  remains  in  caves, 
associated  closely  with  those  of  yarious  extinct  mammals,  and 
other  similar  facts  were  on  record. 

Boucher  de  Perthes,  in  1841,  began  to  collect  stone  implements 
in  the  gravels  of  the  valley  of  the  Somme,  and,  in  1847,  published 
the  first  volume  of  his  "  Antiquitea  Celtiquea,"  In  this  work,  he 
described  the  specimens  he  had  found,  and  asserted  their  great 
antiquity.  The  facts  as  presented,  however,  were  not  generally 
accepted.  Twelve  years  later.  Falconer,  £vans,  and  Prestwich 
examined  the  same  localities  with  care,  became  convinced,  and  the 
results  were  published  in  1859  and  1860.  About  the  same  time 
Gaudry,  Hubert,  and  Desnoyers,  also  explored  the  same  valley, 
and  announced  that  the  stone  implements  there  were  as  ancient  as 
the  mammoth  and  rhinoceros  found  with  them.  Explorations  in 
the  Swiss  lakes  and  in  the  Danish  shell  heaps  added  new  testi- 
mony bearing  in  the  same  direction.  In  1863,  appeared  Lyell's 
work  on  the  "  Geological  Evidences  of  the  Antiquity  of  Man,"  in 
which  facts  were  brought  together  from  various  parts  of  the  world, 
proving  beyond  question  the  great  age  of  the  human  race. 

The  additional  proof  since  brought  to  light  has  been  extensive, 
and  is  still  rapidly  increasing.  The  Quaternary  age  of  man  is 
now  generally  accepted.  Attempts  have  recently  been  made  to 
approximate  in  years  the  time  of  man's  first  appearance  on  the 
earth.  One  high  authority  has  estimated  the  antiquity  of  man 
merely  to  the  last  glacial  epoch  of  Europe  as  200,000  years ;  and 
those  best  qualified  to  judge,  would,  I  think,  regard  this  as  a  fair 
estimate. 

Important  evidence  has  likewise  been  adduced  of  man's  exist- 
ence in  the  Tertiary,  both  in  Europe  and  America.  The  evidence 
to-day  ts  in  favor  of  the  presence  of  man  in  the  Pliocene  of  this 
country.  The  proof  offered  on  this  point  by  Professor  J.  D. 
Whitney,  in  his  recent  work,^"^  is  so  strong,  and  his  careful,  con- 
scientious method  of  investigation  so  well  known,  that  his  conclu- 
sions seem  irresistible.  Whether  the  Pliocene  strata  he  has  ex- 
plored so  fully  on  the  Pacific  coast  corresponds  strictly  with  the 
deposits  which  bear  this  name  in  Europe,  may  be  a  question  re- 
quiring further  consideration.  At  present,  the  known  facts  indi- 
cate that  the  American  beds  containing  human  remains,  and  works 

"  AuriftrooB  GrtTeli  of  the  Sierra  Nevada  of  California.   1879. 
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of  man,  are  as  old  as  the  Pliocene  of  Europe.    The  existence  of 
Man  in  the  Tertiary  period  seems  now  fairly  established. 

In  looking  back  over  the  history  of  Palaeontology,  much  seems 
to  have  been  accomplished  ;  and  yet  the  work  has  but  just  begun. 
A  small  fraction  only  of  the  earth's  surface  has  been  examined, 
and  two  large  continents  are  waiting  to  be  explored.  The  ^^  im- 
perfection of  the  geological  record,"  so  often  cited  by  friends  and 
foes,  still  remains,  although  much  improved  ;  but  the  future  is  full 
of  promise.  In  filling  out  this  record,  America,  I  believe,  will  do 
her  full  share,  and  thus  aid  in  the  solution  of  the  great  problems 
now  before  us. 

I  have  endeavored  to  define  clearly  the  different  periods  in  the 
histor}'  of  Palaeontology.  If  I  may  venture,  in  conclusion,  to 
characterize  the  present  period  in  all  departments  of  science,  its 
main  feature  would  be  a  belief  in  universal  laws.  The  reign  of 
Law,  first  recognized  in  the  ph3'8ical  world,  has  now  been  extended 
to  Life,  as  well.  In  return,  Life  has  given  to  inanimate  nature  the 
key  to  her  profounder  mysteries  —  Evolution,  which  embraces  the 
universe. 

What  is  to  be  the  main  characteristic  of  the  next  period  ?  No 
one  now  can  tell.  But  if  we  are  permitted  to  continue  in  imagi- 
nation the  rapidly  converging  lines  of  research  pursued  to-day, 
they  seem  to  meet  at  the  point  where  organic  and  inorganic  nature 
become  one.    That  this  point  will  yet  be  reached,  I  cannot  doubt. 
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Second  Report  of  the  Cohmitteb  on  an  International  Geo- 
logical Congress. 

At  a  meeting  of  this  Association  at  Nashville,  Tenn.,  Sept.  3, 
1877,  your  Committee  reported  that  its  labors  since  its  organiza- 
tion at  Buffalo,  New  York,  August  25,  1876,  had  resulted  in  ar- 
ranging, with  the  help  of  the  Geological  Society  of  France,  for 
an  International  Congress  of  Geologists  to  be  held  at  Paris  in 
Augustf  1878.  It  has  now  to  report,  farther,  that  this  Congress, 
at  first  announced  for  the  19th,  was  finally  fixed  for  the  29th  of 
August,  and  was  duly  opened  on  that  day  in  the  palace  of  the 
Trocadero,  the  Minister  of  Public  Instruction  presidipg  for  the  occa- 
sion. Six  sittings  were  held,  with  Mr.  Hubert  for  president, 
assisted  by  many  vice-presidents  chosen  from  the  various  nationali- 
ties present ; — Mr.  Jannetaz  being  secretary-general,  and  Messrs. 
Brocchi,  Delaire,  Sauvage,  and  V^lain,  secretaries. 

The  wiiole  number  of  members  enrolled  was  328,  of  which 
about  250  were  in  attendance.  Of  the  members  of  the  Interna- 
tional Committee  were  present  Messrs.  Otto  Torell,  of  Sweden, 
£.  H.  von  Baumhauer,  of  Holland,  and  Messrs.  James  Hall,  J.  P. 
Lesley,  and  T.  Sterry  Hunt,  of  the  United  States.  American 
geology  was  farther  represented  at  the  Congress  by  Messrs. 
George  H.  Cooke,  W.  P.  Blake,  E.  D.  Cope,  find  S.  C.  Chamber- 
lin,  with  Mr.  A.  R.  C.  Selwyn  from  Canada. 

Of  other  countries,  Spain,  Portugal,  Italy,  Switzerland,  Belgium, 
Holland,  Denmark,  Norway,  Sweden,  Russia,  Austria- Hungary, 
Roumania  and  Australia  were  represented  in  the  Congress,  but 
neither  England  nor  Germany.  The  papers  communicated  were 
forty  in  number,  covering  a  wide  range  of  subjects,  and  often  giv- 
ing rise  to  important  discussions.  The  Acts  cff  this  first  session 
of  the  International  Geological  Congress  are  to  be  published 
under  the  diiection  of  the  secretaries,  the  expense  thereof  being 
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generously  defrayed  by  the  French  government.  The  volume  is 
in  press  and  will  soon  appear. 

A  part  of  the  plan  suggested  by  your  committee  was  the  organ- 
ization of  an  International  Geological  Exhibition  in  connection 
with  the  Universal  Exposition  to  be  held  at  Paris  in  1878,  at 
which  were  gathered  many  important  geological  collections  and 
maps.  In  furtherance  of  this  plan,  the  local  committee  in  Paris 
prepared  and  published  for  the  use  of  the  Congress,  a  catalogue  of 
all  these,  and  also  of  the  numerous  public  and  private  collections 
of  the  kind  which  were  liberally  thrown  open  to  the  members. 
The  hospitalities  extended  to  the  Congress  were  numerous  and 
highly  appreciated,  and  were  terminated  by  a  public  dinner  at  the 
Hotel  Continental.  After  the  adjournment  of  the  Congress,  its 
members  were  invited  to  join  in  the  extraordinary  session  of  the 
Geological  Society  of  France.  This  included  a  series  of  excur- 
sions in  the  vicinity  of  Paris  from  the  5th  to  the  13th  of  Septem- 
ber, in  which  many  of  the  members  took  part. 

It  was  decided  at  the  closing  sitting  in  Paris,  September  4,  that  a 
second  session  of  the  International  Geological  Congress  should  be 
held  at  Bologna  in  Italy,  in  1881,  under  the  honorary  presidency 
of  Sella,  president  of  the  Accademia  dei  Lincei  of  Rome.  A 
local  committee  of  Italian  geologists  was  named,  and  has  since 
issued  a  circular,  a  translation  of  which  is  given  as  an  Appendix 
to  this  report.  The  future  Congress  is  declared  to  be  under  the 
high  protection  of  His  Majesty  King  Humbert  I,  and  under  the 
patronage  of  the  city  of  Bologna,  and  will  be  opened  September 
29,  1881. 

The  principal  subjects  proposed  for  consideration  at  the  coming 
Congress  are  comprised  under  two  groups,  and  for  each  of  these 
an  International  Commission  was  named  by  the  Congress  of  Paris. 
The  first  of  these  Commissions  is  to  consider  the  question  of 
Geological  Cartography  and  the  adoption  of  a  common  system  of 
signs  and  colors ;  while  to  the  second  Commission  is  refeiTed  the 
subject  of  The  Unification  of  Geological  Nomenclature.  Under 
this  title,  as  interpreted  by  the  Congress,  will  be  considered  all 
matters  relating  to  geological  classification,  as  well  as  the  value 
and  significance  of  mineralogical,  lithological,  and  paleontological 
characters,  thus  embracing  many  of  the  most  important  problems 
of  geology.  In  naming  these  two  International  Commissions,  so 
far  as  possible  one  member  was  appointed  for  each  country,  whose 
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duty  it  shall  be  to  organize  therein  separate  local  committees  for 
each  group,  and  to  make  known  their  constitution  to  the  secreta- 
ries of  the  corresponding  Commissions. 

For  the  International  Commission  on  Geological  Cartography 
the  American  members  arei  Lesley  for  the  United  States,  and 
Selwyn  for  Canada,  and  for  that  on  Geological  Nomenclature 
James  Hall  for  the  United  States,  and  T.  Sterry  Hunt  for  Canada. 
The  names  of  the  other  members  will  be  given  in  the  Appendix. 
Your  Committee  are  glad  to  announce  that  active  preparations  are 
already  made  in  Great  Britain  and  in  Germany  for  the  representa- 
tion of  these  countries  at  the  Congress  of  Bologna. 

In  view  of  the  fact  that  the  work  of  an  International  Geological 
Congress  was  initiated  by  this  Association,  and  that  it  promises 
to  become  of  permanent  and  increasing  importance,  it  is  believed 
that  it  will  be  for  the  best  interests  of  geological  science  that  this 
committee  be  continued,  with  power  to  add  to  its  number ;  and 
farther  that  its  scope  may  with  advantage  be  extended  to  include 
the  consideration  of  such  questions  relating  to  State  or  National 
Geological  Surveys  as  may  from  time  to  time  arise. 

The  whole  respectfully  submitted, 

James  Hall,  Cliairman. 
T.  St£bbt  Hunt,  Secretary. 


The  above  report  having  been  accepted  by  the  Association,  a 
motion  was  made  and  adopted,  to  the  effect  that  inasmuch  as  the 
Committee  of  this  Association,  as  originally  constituted,  and  as 
re-organized  at  Nashville  in  1877,  had  joined  to  it,  with  the  title 
of  associates,  several  European  representatives  of  geology,  for 
the  purpose  of  securing  international  action,  and  inasmuch  as 
these  foreign  associates  will  hencefoilh  be  engaged  in  the  local 
committees  for  their  respective  countries,  their  names  be  dropped 
from  the  present  Committee. 

At  a  subsequent  meeting  of  the  Committee,  held  at  Saratoga, 
Sept.  1,  1879,  it  was  decided  to  add  thereto  the  names  of  George 
H.  Cooke,  James  D.  Dana,  and  Clarence  King ;  the  other  members 
being  James  Hall,  Wm.  B.  Rogers,  J.  W.  Dawson,  J.  S.  Newberry, 
C.  H.  Hitchcock,  B.  Pumpelly,  J.  P.  Lesley,  and  T.  Sterry  Hunt. 
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APPENDIX. 
Translation  of  the  Circular  of  the  Committee  of  Organization  for  1881. 

BOLOONA,  Italy,  April  3,  1879. 

**  The  International  Geological  Congress,  which  met  for  the  first  time  in 
1878  at  Pads,  decided  in  its  last  sitting  that  its  second  assembly  should 
take  place  in  September,  1881,  at  Bologna  in  Italy.  On  the  same  occa- 
sion, the  Congress,  while  conserving  to  the  Paris  Bureau  its  powers  until 
the  opening  of  the  session  of  1881,  named,  for  the  purpose  of  arranging 
for  this,  a  committee  of  organization,  composed  of  Italian  geologists, 
which  has  fixed  its  head-quarters  in  the  City  of  Bologna. 

With  a  view  of  more  certainly  arriving  at  a  practical  result  in  the  com- 
ing session,  the  Congress  of  Paris  at  the  same  time  adopted  the  following 
plan. 

1.  Two  International  Commissions  are  name4i  having  for  their  object 
the  study  of  the  two  following  questions,  which  form  the  basis  of  the  pro- 
gramme. 

a.  The  Unification  of  Geological  Cartography  (**  Unification  des 
figures  g^ologlques".) 

b.  The  Unification  of  Geological  Nomenclature. 

A  third  Commission  is  charged  with  the  study  of  the  rules  to  be  fol- 
lowed in  establishing  the  nomenclature  of  species  in  mineralogy  and 
paleontology. 

[This  lust,  though  appointed  to  report  at  Bologna,  is  a  French  Commis- 
sion and  not  1  nternatiunal. — Translator.] 

2.  These  Commissions  must  send  their  reports  before  the  end  of  1880 
to  the  Committee  of  Organization,  which  will  cause  them  to  be  printed 
and  distributed  to  the  inscribed  members,  before  the  opening  of  the  session 
at  Bologna. 

A  detailed  programme  indicating  the  days  of  sitting,  excursions,  etc., 
will  be  distributed  with  the  reports  of  the  Commissions,  or  in  any  case 
before  the  opening  of  the  session. 

Those  who  desire  to  be  inscribed  as  members  of  the  Congress  should 
make  application  as  soon  as  possible  either  to  the  Bureau  of  the  Commit- 
tee of  Organization  (65,  viaZamboni,  Bologna,  Italy),  to  one  of  the  mem- 
bers of  the  International  Commissions,  or  to  one  of  the  [Italian]  delegates 
of  the  Committee.  In  making  such  application,  names,  titles,  and  resi- 
dence should  be  fUUy  and  carefully  given. 

The  subscription  for  each  member  is  twelve  francs,  and  the  treasurer's 
receipt  for  this  amount  entitles  the  holder  to  a  member's  ticket,  as  well  as 
to  the  Proceedings  and  all  ordinary  publications  of  the  Congress. 
Tickets  will  be  issued  to  members  at  the  office  of  the  Congress  in  Bologna, 
on  and  after  Sept.  20,  1881." 

The  above  circular  is  signed  by  J.  Capellini,  president  of  the 
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Committee  of  Organization  (to  whom  all  correspondence  should 
be  addressed),  and  by  T.  Taramelli,  secretary-general.  All  pay- 
ments must  be  made  to  the  order  of  J.  Scarabelli,  treasurer,  at 
the  Bureau  of  the  Committee,  No.  65,  via  Zamboni,  Bologna,  Italy. 

The  Italian  Committee  of  Organization  includes  besides  those 
above  named,  the  following  titular  members :  Messrs.  Gemmellaro, 
Giordano,  Guiscardi,  Menenghini,  Omboni,  Pirona,  Ponzi,  and 
Stoppani,  besides  honorary  members  and  delegates. 

The  Bureau  of  Paris,  the  powers  of  which  are  continued  till  the 
session  in  Bologna,  consists  of  the  president  and  secretaries  of 
Paris  Congress,  already  named,  the  treasurer,  A.  Bioche,  and  the 
following  members :  Davidson,  Brighton,  England ;  De  Koninck, 
Liege ;  Sterry  Hunt,  Montreal ;  Johnstrupp,  Copenhagen  ;  Vilan- 
ova,  Madrid ;  James  Hall,  New  York ;  Daubr^e  and  A.  Gaudry, 
Paris ;  Szabo,  Buda-Pesth  ;  Capellini,  Bologna ;  Ribeiro,  Lisbon ; 
von  Baumhauer,  Harlem ;  Stephanesco,  Bucharest ;  von  Moeller, 
St.  Petersburg ;  A.  Favre,  Geneva.  All  communications  to  this 
Bureau  must  be  addressed  to  No.  7,  rue  des  Grands  Augustins, 
Paris,  France. 

The  two  International  Commissions  named  by  the  Congress 
of  Paris,  are  as  follows : 

I.  For  The  UniQcation  of  Geological  Cartography:  Ramsay, 
Great  Britain;  de  Chancourtois,  France;  Guembel,  Germany; 
von  Hauer  and  von  Hantken,  Austria-Hungar}^ ;  Ribeiro,  Spain 
and  Portugal ;  Gioi'dano,  Italy ;  Renevier,  Switzerland  ;  Dupont, 
Belgiun>;  Torell,  Norway  and  Sweden;  von  Moeller,  Russia; 
Lesley,  United  States ;  Selwyn,  Canada,  and  Liversidge,  Australia ; 
Selwyn,  of  Montreal,  being  president,  and  Renevier  of  Lausanne, 
secretary. 

II.  For  The  Unification  of  Geological  Nomenclature:  T. 
McKcnna  Hughes,  Great  Britain ;  Hebert,  France ;  F.  Roemer, 
Germany  ;  Szabo,  Austria-Hungarj' ;  Vilanova,  Spain  and  Portugal ; 
Capellini,  Italy ;  A.  Favre,  Switzerland ;  Dewalque,  Belgium ; 
Lnndgien,  Norway  and  Sweden ;  InostranzefiT,  Russia ;  Stephan- 
esco, Roumania ;  James  Hall,  United  States ;  Sterry  Hunt,  Canada, 
and  Liversidge,  Australia ;  Hebert  of  Paris,  being  president,  and 
Dewalque  of  Liege,  secretary. 

As  already  explained,  it  shall  be  the  duty  of  the  several  mem- 
bers of  the  above  International  Commissions  to  form  Local  Com- 
mittees in  their  respective  countries  to  aid  in  the  requii*ed  sub- 
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divisions  of  their  work.  They  must  moreover  send  their  matmred 
conclusions,  in  the  form  of  reports,  to  the  secretaries  of  their  re- 
spective commissions  in  such  time  that  all  the  reports  of  these 
International  Commissions  may  be  in  the  hands  of  the  president 
-*  **---  Committee  of  Organization,  Prof.  Capellini  of  Bologna, 
;he  end  of  1880. 

T.  S.  H. 
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ADDRESS 

OF 

PROFESSOR  S.  P.  LANGLEY, 

VICE  PRESIDENT,  SECTION  A. 


Ladies  and  Gentlemen:  — 

Lbayinq  to  those  of  wider  knowledge  the  survey  of  the  whole 
field  of  scientific  labor,  it  has  seemed  to  me  that  I  could  best 
present  to  you  some  account  of  that  branch  of  it  with  which  I  am 
most  familiar,  which  is  that  of  "  Solar  Physics." 

This  study  is  essentially  a  modern  one.  Astronomy,  which  in 
the  earliest  times  could  only  mark  the  annual  path  of  the  sun,  or 
count  the  stars,  with  the  invention  of  the  telescope  still  concerned 
itself  more  with  the  motions  of  the  heavenly  bodies  than  with  their 
physical  nature.  It  sought  out  new  methods  of  precision  to  fix 
the  places  of  these  stars  and  to  mark  out  for  the  navigator  the 
path  of  the  moon  on  the  celestial  dial ;  it  united  itself  intimately 
with  the  sister  science  of  mathematics  in  predicting  the  places  of 
the  heavenly  bodies  from  the  law  of  gravitation,  but  it  was  still  as 
a  surveyor  and  marker  of  boundaries  in  the  field  of  space  that  the 
observer  chiefiy  labored,  and  we  associate  the  most  striking 
triumphs  of  the  classic  astronomy  with  this  work  of  precision.  It 
is  this  aspect  that  appeals  even  to  the  imagination,  and  which  is 
seized  as  distinctive  by  the  poet  of  Urania : 

**  That  little  Vernier  on  whose  slender  lines 
The  midnight  taper  trembles  as  it  shines, 
A  silent  index,  tracks  the  planets'  march 
In  all  their  wanderings  through  the  ethereal  arch, 
Tells  through  the  mist  where  dazzled  Mercury  bums, 
And  marks  the  spot  where  Uranus  returns." 

(61) 
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These  are  noble  aims,  and  noble  results  ;  but  it  is  curious  to  see 
how  observers  of  the  last  century,  who  had  learned  this  excellent 
lesson  of  precision,  had  learned  no  other,  and  remained  indifferent 
to  a  great  question  to  which  the  old  methods  did  not  apply.  We 
are  called  into  existence  by  a  great  central  fire,  the  sun,  by  which 
we  continue  to  exist  from  one  hour  to  another.  What  is  it?  what 
is  this  heat  which  it  pours  into  space,  and  with  whose  cessation 
we  shall  cease?  How  long  will  it  continue  to  feed  our  lives?  A 
few  years  ago,  with  almost  the  sole  exceptions  of  the  Herschels 
and  Pouillet,  no  one  even  asked  these  questions,  much  less  intelli- 
gently sought  their  solution. 

It  is  hard  to  say  to  whom  the  awakening  of  attention  is  due ; 
yet  if  any  one  were  to  be  named,  it  should  perhaps  be  the  Italian 
physicist  Melloni,  "  the  Newton  of  heat." 

His  book,  "  La  Thermochrose,"  has  to  me  an  attraction  of  its 
own,  for  the  author,  with  the  ingenuous  confidence  of  his  nation, 
begins,  not  by  describing  his  thermopile  or*  galvanometer,  but  by 
taking  the  reader  into  his  personal  experience,  and  telling  him 
how  even  as  a  child  he  felt  an  invincible  curiosity  about  what  we 
have  just  seen  hardly  any  one  else  then  cared  for,  and  how,  rising 
long  before  dawn,  he  loved  to  seek  some  quiet  spot,  to  wait  there 
in  the  silence  of  the  sleeping  world  the  first  beams  of  the  sun,  and 
as  he  felt  their  warmth  and  heard  the  stir  of  life  they  awakened 
round  him,  how  he  too  was  stirred  with  wonder  and  interest  as  to 
the  nature  of  that  mj'sterious  thing,  radiant  heat,  and  resolved  to 
give  his  future  to  its  study.  If,  to  distinguish  a  cause  for  wonder 
and  inquiry  in  what  to  the  common  mind  has  called  for  neither,  be 
a  characteristic  of  genius,  then  Melloni  must  be  allowed  its  pos- 
session, and  in  his  but  too  short  years  he  showed  the  world  how 
much  interest  and  importance  lay  in  this  then  neglected  study, 
which  so  many  with  clearer  knowledge  and  better  methods  follow 
to-day. 

Fraunhofer's  previous  work  had  prepared  the  way  for  the  spec- 
troscope, and  with  the  now  awakened  interest  in  these  questions, 
its  employment  by  Kirchhoff  in  1860  may  be  said  to  inaugurate 
the  present  study  of  solar  physics,  as  distinguished  from  the 
classic  astronomy,  which  concerned  itself  with  number  and  meas- 
ure first,  and  in  a  wholly  secondary  degree  with  the  physical  char- 
acteristics of  the  heavenly  bodies.  This  study  occupies  itself  with 
the  former,  indeed,  but  chiefly  in  aid  of  other  investigations,  and 
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by  the  study  of  solar  physics  then,  we  mean  much  more  than  a 
telescopic  examination  of  the  sun ;  we  mean  besides  this  the 
analysis  of  its  radiations  by  the  spectroscope,  their  summation  by 
the  photometer  and  thermopile^  the  determinations  of  its  heat  and 
the  possible  effects  of  changes  in  it  on  terrestrial  meteorology,  and 
generally  the  pursuit  of  all  those  problems  which  unite  the  meth- 
ods of  physics  and  astronomy. 

In  1860  we  already  knew  that  the  sun  was  surrounded  by  an 
envelope  then  visible  only  during  total  eclipses,  and  which  was 
surmised  to  be  gaseous ;  and  of  the  sun  itself  we  knew  very  little 
more  than  that  it  was  a  hot  globe  with  spots  upon  it ;  for,  though 
Schwabe  had  observed  the  periodicity  of  the  spots,  and  Carrington 
was  already  at  work,  their  results  were  not  wholly  public,  and  the 
facts  of  the  variable  velocity  of  the  sun's  rotation  were  rather  the 
surmises  of  a  few  than  part  of  the  body  of  acquired  knowledge. 
Since  then  this  branch  of  astronomy  has  grown  almost  to  the 
position  of  an  independent  science,  and,  though  it  has  not  yet 
been  distinctly  divided  into  specialties  in  its  turn  like  its  elder 
sisters,  yet  we  already  see  a  tendenc}^  to  their  formations.  Thus, 
with  the  study  of  the  motions  of  the  solar  surface  we  associate  with 
the  names  just  mentioned  those  of  Sporer,  De  la  Rue,  and  Wolf; 
with  eye-studies  of  the  photosphere  or  solar  meteorology,  those  of 
Dawes,  Secchi,  and  others ;  with  the  telescopic  use  of  the  spec- 
troscope those  of  Iluggins,  Janssen,  Lockyer,  Secchi,  Young,  and 
Tacchini.  The  work  of  mapping  the  si)ectrum,  begun  by  Kirch- 
hoff,  has  been  continued  by  Angstrom,  Mascart,  and  Cornu,  while 
photography,  in  tiie  hands  of  Rutherfurd,  Janssen,  and  Draper, 
has  largely  superseded  telescoi)ic  studies  of  the  photosphere,  and 
the  list  might  be  enlarged  indefinitely.  Let  us  glance  at  part  of 
the  work  done  by  these  during  the  past  twenty  years,  for  their 
labors  make  the  history  of  our  study. 

The  work  of  Carrington,  completed  in  1861,  taught  us  what  had 
before  been  suspected  —  both  the  periodicity  of  the  spots  and  that 
this  great  globe,  so  far  as  we  can  see  it,  has  ditterent  periods  of 
rotation,  its  equatorial  zones  completing  a  revolution  in  less  time 
than  its  polar  ones.  We  know  very  little  more  on  this  point  now, 
the  cause  of  both  phenomena  remaining  wholly  mysterious  to-day. 

In  the  next  year  (1862)  an  Impulse  was  given  to  the  study  of 
the  solar  surface  bj^  the  announcement  of  a  supposed  discovery  of 
gigantic  individual  bodies  in  it,  of  from  500  to  1,000  miles  in 
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length,  distinct  from  each  othen,  and  existing  in  countless  numbers. 
This  extraordinary  statement  was  not  easily  disproved,  as  it  is 
with  great  difficulty  that  the  real  structure  is  discernible  by  the 
best  telescopes.  Forms,  we  can  scarcely  call  them  '*  bodies,'*  are 
undoubtedly  there,  of  a  size  and  in  numbers  which  could  only  exist 
on  so  vast  a  surface,  and  which  are  no  doubt  the  chief  immediate 
cause  of  the  sun's  light  and  heat  —  but  what  are  their  causes  in 
turn,  and  what  is  their  real  nature?  The  suggestion  was  made  at 
,the  time  by  the  then,  perhaps,  most  eminent  living  astronomer, 
that  they  might  be,  in  a  sort,  living  things  —  beings^  in  fact,  whose 
vital  force  gave  us  the  solar  heat;  a  suggestion  which  we  may 
smile  at  now,  but  which  was  received  at  the  time  with  a  kind  of 
awe,  as  adumbrating  some  possible  truth.  Of  its  author  I  would 
speak  with  all  possible  respect  in  citing  it,  which  I  do  here,  as 
nothing  can  better  indicate  the  obscurity  of  our  knowledge,  even 
at  so  recent  a  period.  We  may  look  back  on  such  a  possible  sug-  * 
gestion  and  its  connection  with  that  "  vital  force,"  now  itself 
banished  by  physiology,  as  a  kind  of  landmark  on  the  road  we 
have  travelled.  Our  science,  young  as  it  is,  is  old  enough  to  have 
had  its  age  of  fable. 

Since  that  time,  in  France,  in  Italy,  in  England,  and  here,  thou- 
sands of  telescopic  studies  have  been  made  with  the  purpose  of 
defining  these  forms,  and  of  learning  more  about  the  growth  of 
those  mysterious  objects  with  which  they  are  associated — the 
sun's  spots,  which  drew  the  attention  of  Fabricius  and  Galileo, 
and  which  still  attract  our  own  more  than  ever  to-day,  with  prob- 
lems which  seem  nearly  insoluble.  Everything  we  see  convinces 
us  that  the  solar  surface  in  which  they  are  formed  is  neither  a  solid 
nor  a  liquid,  but  composed  of  volumes  of  whirling  vapors ;  yet 
through  this  vapor,  which  seems  to  offer  no  resistance,  come  erup- 
tions of  explosive  violence  such  as  one  would  suppose  must  arise 
from  the  sudden  bursting  of  some  rigid  shell.  The  turmoil  within 
the  areas  of  disturbance  is  so  great,  the  area  itself  so  vast  and 
inclosing  such  diversities  of  action,  that  we  are  still  doubtful  how 
far  this  action  is  downward,  how  far  upward. 

Under  the  circumstances,  we  can  hardly  say  that  twenty  3'ears 
of  observation  in  this  department  have  brought  us  results  com- 
mensurate with  the  labor  expended,  nor  have  we  derived  great  aid 
from  photography  until  some  recent  advances  of  which  I  have 
presently  to  speak. 
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A  review  of  our  past  studies  of  the  corona  is  a  review  of  the 
solar  eclipses  during  the  past  twenty  years ;  for  it  is  a  fact,  un- 
paralleled in  the  sciences  of  observation,  that  the  opportunities 
for  this  knowledge  last  only  minutes,  and  are  separated  by  inter- 
vals of  years.  Till  1860  it  was  uncertain  whether  the  protuber- 
ances belonged  to  the  sun  or  moon,  but  in  that  year  the  then  newly 
applied  photographic  method  made  it  nearly  certain  that  they  were 
parts  of  the  former,  and  previous  surmises  that  they  were  exten- 
sions of  an  envelope  everywhere  surrounding  the  sun  were  con- 
firmed. In  1868  some  traces  of  the  corona  were  first  photographed. 
The  spectroscope  was  used  upon  the  prominences,  their  gaseous 
nature  was  proved,  and  nine  of  the  chromospheric  lines  were 
determined ;  and  nearly  together  Messrs.  Janssen  and  Lockyer 
made  the  discovery  that  these  lines  could  be  seen  without  an 
eclipse ;  1869  brought  that  eclipse  which  traversed  our  own  terri- 
tory, and  in  this  the  distinctive  coronal  line  was  first  observed  by 
Young  and  by  Harkness  ;  while  in  this,  and  yet  more  in  the  eclipse 
of  1870  and  1871,  we  obtained  better  photographs  of  the  corona, 
and  greatly  increased  our  knowledge  of  its  apparent  structure. 

It  is  hardly  possible  to  present  even  in  the  briefest  way  any  re- 
view here  of  the  separate  history  of  spectroscopic  research  since 
1860,  during  which  time  it  has  been  connected  with  most  of  the 
important  steps  in  every  field  of  our  study.  It  has,  in  the  hands 
of  Messrs.  Huggins,  Zollner,  and  Young,  made  visible  to  us  the 
forms  of  the  chromosphere,  and  enabled  us  to  measure  the  velocity 
of  motions  upon  the  sun  otherwise  beyond  estimate,  while  at  the 
same  time  it  has  given  us  independent  data  for  the  absolute  velocity 
of  other  suns  in  space,  and  for  that  of  the  rotation  of  our  own 
solar  photosphere.  It  has,  in  the  hands  of  Secchi  and  others, 
connected  our  knowledge  of  our  sun's  physical  constitution,  and 
perhaps  of  its  past  history  with  that  of  other  suns,  and  even 
assumed  to  give  us  information  whence  we  might  infer  something 
as  to  their  mass,  as  well  as  physical  constitution,  while  it  has 
immensely  increased  the  number  of  lines  mapped  twenty  years 
since  in  the  spectrum,  and  modified  the  ideas  we  then  entertained 
as  to  the  interpretation  of  these  lines  themselves. 

The  important  question  of  the  amount  of  heat  received  from 
the  sun  has  been  the  subject  of  almost  uninterrupted  experiment 
and  study  during  the  period  under  review,  but  without  essentially 
altering  the  data  of  Herschel  and  Pouillet  which  we  already  pos- 
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sessed.  In  this  field  the  French  physicists  and  our  countryman, 
Mr.  Ericsson,  have  been  prominent  workers,  and  we  have  attained 
results  possessing  all  desirable  certitude  relatively  to  our  knowl- 
edge in  other  branches. 

Investigations  on  the  solar  temperature  have  been  carried  on  by 
many  observers,  but  with  results  which  are  thus  far  less  satisfactory. 

I  am  painfully  sensible  of  the  inadequacy  of  this  review  of  the 
history  of  solar  physics,  but  the  brief  time  before  me  warns  me  to 
come  from  its  past  to  its  present.  Within  the  last  two  years  the 
difficulties  I  have  alluded  tp,  as  so  great  in  eye-studies  of  the  solar 
surface,  have  been  singularly  modified  by  the  remarkable  advance 
of  solar  photography  at  the  hands  of  M.  Janssen.  When  I  re- 
cently visited  his  observatory  at  Meudon,  I  found  him  producing 
original  negatives  on  a  st  ale  of  nearly  thirty  English  inches  to  the 
solar  diameter,  and  which  bear  enlargement  to  nearly  ten  feet  with 
remarkable  precision ;  and  one  of  these  negatives,  which  presents 
over  a  million  discrete  cloud-forms,  can  be  taken  in  3^^(y  of  a 
second.  In  another  branch  of  photography,  that  of  the  reproduc- 
tion of  spectral  lines,  for  which  so  much  is  due  to  Rutherfurd  and 
Draper,  I  know  nothing  more  surprising  than  the  recent  success 
of  Captain  Abney  (of  the  Royal  Engineers)  at  South  Kensington, 
who  has  photographed  the  red  end  of  the  spectrum,  and  far  beyond 
the  red  end,  to  a  wave-length  of  about  12,000  tenth-metres.  As 
this  statement  may  of  itself  convey  no  clear  idea  to  some  of  my 
audience,  let  me  explain  in  less  technical  language  that  it  means 
we  can  now  photograph  objects  in  absolute  darkness  —  objects 
which  are  not  luminous  —  simply  by  the  heat  they  give  out.  This 
is  a  discovery  which  obviously  lends  itself  to  important  practical 
applications,  while  it  is  of  further  interest  as  bringing  another 
proof  of  that  identity  of  heat  and  light,  with  radiations  differing 
only  in  wave-length,  long  since  surmised  by  physicists,  and  asserted 
prominently  by  Dr.  John  W.  Draper,  whose  photographs  are  also 
the  earliest  in  the  path  which  Captain  Abney  has  carried  on  by 
independent  methods.  Theoretically,  there  would  seem  to  be  no 
limit  to  this  power  of  photography  so  long  as  objects  radiate  any 
heat  whatever. 

Of  recent  coronal  studies,  I  have  only  to  speak  of  the  opportunity 
afforded  by  the  eclipse  of  last  year  in  our  own  Western  territory. 
Observed  as  it  was  in  the  pure  air  of  the  Rocky  Mountains,  we 
found  an  immense  and  hitherto  almost  unsuspected  extension  of 
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the  corona  in  the  direction  of  the  solar  equator,  such  as  to  make 
it  increasingly  probable  that  the  outer  corona  and  the  zodiacal 
light  are  different  appearances  with  a  common  origin.  The  physi- 
cal constitution  of  the  inner  corona  seemed  to  be  modified  by  the 
weakness  or  absence  of  a  former  constituent,  and  perhaps  jnre  may 
say  that  some  additional  knowledge  was  gained  as  to  its  telescopic 
structure  and  its  absolute  light,  while  the  polariscopic  evidence 
was  contradictory. 

In  the  light  of  our  latest  knowledge,  what,  then,  is  the  corona  ? 
We  do  not  know.  We  have  literally  had  but  about  twenty  minutes 
in  the  last  twenty  years  to  look  at  it,  and  from  that  brief  study  it 
remains  every  way  problematical.  The  extent  of  this  vast  solar 
appendage  is  unknown,  its  constitution  is  unknown,  its  function 
is  unknown,  and  it  is  still  uncertain  whether  we  can  devise  any 
means  for  its 'study  which  will  free  us  from  this  dependence  upon 
momentary  glimpses.  Our  only  hope,  since  the  most  powerful 
telescope  is  useless  in  our  lower  atmosphere,  seems  to  be  to  trans- 
port our  observatory  to  some  mountain-height,  like  that  of  Etna 
or  the  elevated  table-lands  of  Colorado.  There,  even,  we  can  not 
be  sure  of  seeing  it  without  an  eclipse ;  but  there,  if  anywhere, 
ingenuity  will  be  hopefully  emploj^ed  in  an  endeavor  to  remove  the 
difficulties  which  bar  the  way.  After  spending  some  weeks  this 
year  myself  upon  Mount  Etna,  on  which  the  new  solar  observatory 
is  to  be  built,  I  can  testify  to  the  excellence  of  such  a  station  ;  and 
yet,  when  we  have  sites  equally  good,  I  can  not  but  regret  that  it 
should  be  left  to  others  to  first  enter  such  a  promising  field. 

Of  recent  spectro-photographic  observation,  I  may  mention  the 
valuable  work  of  M.  Cornu,  who,  working  at  the  other  extremity 
of  the  spectrum  from  Captain  Abney,  has  extended  it  beyond  the 
violet  to  a  wave-length  of  2,900,  far  beyond  which  the  solar  spec- 
trum undoubtedly  exists,  but  where  M.  Cornu  finds  our  own  atmos- 
phere to  interpose  an  almost  impassable  barrier.  The  solar 
spectrum,  therefore,  is  now  known  by  photography  through  three 
times  the  extent  of  the  visible  portion,  and  this  great  gain  on  our 
former  knowledge  may  be  said  to  have  been  completed  for  us  in 
the  past  year. 

In  last  November  and  subsequentl}',  Mr.  Lockyer  has  made  the 
extremely  important  announcement  that,  reasoning  from  analogies 
furnished  by  known  compounds,  he  has  been  able  to  show  that 
many  elements  are  really  compound  bodies,  which,  incompletely 
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dissociated  at  the  highest  temperature  we  can  command,  famish 
under  the  form  of  feeble  lines  the  spectra  of  their  components. 

I  do  not  ei/ter  here  into  discussion  of  points  still  in  debate ;  but 
that  which  has  arisen  round  this  and  the  recent  communications 
of  Dr.  Henry  Draper,  at  any  rate  elicits  the  evidence  of  the  im- 
mense labor  now  requisite  in  establishing  new  facts  in  our  science, 
and  the  refinement  of  some  of  the  adverse  explanations  suggested 
in  controversy  shows  us  to  how  limited  a  company  of  specialists 
we  must  look  as  judges  in  matters  so  important. 

The  instrumental  aids  of  our  study  have  grown  in  the  period 
under  review  with  the  demand  for  greater  accuracy,  until  the  de- 
tached prisms  of  KirchhoflTs  apparatus  are  replaced  by  trains  of 
automatically  adjustable  mechanism,  giving  us  in  Thollon's  recent 
instrument  the  equivalent  dispersion  of  thirty  prisms  of  flint,  or 
•what  has  replaced  the  "gitter"  of  Fraunhofer,  that  wonderful 
product  of  skill,  the  Rutherfurd  grating,  which  for  a  large  variety 
of  uses  has  already  supplanted  the  prism.  Observatories  espe- 
cially devoted  to  solar  physics  are  being  established  by  European 
governments,  as  at  Potsdam  by  Prussia,  and  at  Meudon  by  France. 
I  have  already  alluded  to  that  on  Etna,  and  I  hope  it  will  not  be 
long  before  we  have  a  distinctly  physical  observatory  within  our 
own  territory.  There  is  no  step  in  our  power  to  take  which  prom- 
ises so  much  for  immediate  adNxince  as  the  installation  of  one  in 
a  suitably  elevated  station,  for  certain  investigations  can  be  made 
only  under  this  condition,  and  no  amount  of  instrumental  appli- 
ance, patience,  or  skill,  at  a  lower  altitude,  supplies  their  place. 

In  now  reviewing  the  acquisitions  which  this  twenty  years'  labor 
has  brought  us,  we  can  not  but  agree  that  we  have  achieved  a 
great  deal,  and  yet  must  admit,  with  wonder  at  the  field  still  before 
us,  how  little  is  our  progress  in  comparison  with  what  remains 
unknown. 

We  have  found  out  how  to  detect  daily  the  outbursts  from  the 
sun  which  were  before  invisible,  but  we  watch  these  outpourings 
of  enormous  forms  without  yet  knowing  what  drives  them  forth, 
without  being  sure  how  far  our  very  view  is  not  in  part  illusion. 

"We  have  learned  how  to  study  and  fix  many  of  the  wonderful 
details  of  8i)ot-actions  without  knowing  what  spots  are.  We  see 
them  presenting  themselves  in  increasing  importance  through  a 
term  of  years,  and  then  diminishing,  and  we  attempt  to  assign  a 
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period  to  these  cycles  of  growth  and  decay.  This  period  is  often 
fixed  at  about  eleven  years,  with  a  perhaps  unjustifiable  confidence, 
for  we  can  not  be  said  to  know  whether  what  we  have  seen  in  so 
brief  a  time  is  constant  or  variable,  nor  whether  it  be  not  the 
mere  incident  of  some  greater  cycle,  whose  course  began  before 
man  was  here  to  see  it,  and  whose  term  may  not  be  complete  till 
he  has  gone. 

We  are  possibly  now  led  to  ask  what  our  science  has  taught  us 
on  the  connection  of  these  remote  changes  with  questions  which 
affect  our  daily  lives,  and  perhaps  to  put  the  utilitarian  question, 
*'  What  is  all  this  worth?" 

We  find  at  the  present  time  our  study  gi'owing  into  a  closer  union, 
not  merely  with  stellar  astronomy  on  the  one  hand  and  terrestrial 
meteorology  on  the  other,  but  with  all  the  physical  sciences,  than 
would  once  have  been  supposed  possible.  Thus,  to  give  a  single 
instance,  whatever  be  the  result  of  the  discussions  aroused  by  Mr. 
Lockyer's  statements,  it  seems  likely  that  we  are  to  look  to  the 
analysis  of  the  solar  radiations  for  the  most  favorable  evidence  of 
that  resolvability  of  our  so-called  elements  to  simpler  forms,  which 
our  chemists  are  now  very  generall}^  ready  to  admit  as  possible. 

It  is  in  the  solar  spectrum  that  we  are  now  searching  for  the 
laws  of  the  molecular  groupings  which  affect  the  ultimate  consti- 
tution of  matter,  and  in  recent  questions  as  to  the  real  nature  of 
certain  terrestrial  elements,  which  our  laboratories  can  not  yet 
deal  with,  the  Mount  Sherman  observations  of  Professor  Young 
on  the  appearance  of  their  analogues  in  the  sun  have  been  accepted 
by  both  parties  in  debates  before  the  Royal  Society,  as  pertinent 
evidence,  the  onl}'  doubt  as  to  which  lies  in  its  interpretation. 

Of  problems  "  practical "  in  the  sense  that  their  utility  is  appar- 
ent alike  to  the  learned  and  the  unlearned,  there  are  two  at  least 
of  the  highest  importance  which  now  occupy  us. 

The  solar  heat,  which  grows  for  us  the  food  by  which  we  live,  is 
no  doubt  in  one  sense  the  final  cause  of  every  meteorological 
change,  bringing  those  years  of  want  and  years  of  plenty  which 
are  due  to  local  variations  of  climate,  that  depend,  through  a  chain 
of  causes  very  remote  and  obscure,  no  doubt,  yet  finally,  upon  the 
sun.  We  have  seen  the  magnetic  needles  vibrating  all  over  the 
globe  together  at  the  time  of  a  sudden  commotion  upon  the  solar 
surface;  we  watch  the  increase  and. decrease  of  auroras,  and  find 
we  can  almost  predict  their  frequency,  so  apparently  united  are 


Digitized  by  VjOOQ IC 


60  ^  ADDRESS   OF 

they  by  some  mysterious  bond  with  the  changes  of  solar  spots ; 
and  we  look  with  natural  hope  for  other  signs  of  union  which  may 
enable  us  to  anticipate  more  important  effects  on  our  meteorology. 
Extreme  pains  have  been  devoted  —  in  some  cases  misdevoted  — 
to  researches  aiming  to  establish  such  a  connection,  by  collecting 
data  as  to  the  changes  in  rainfall,  the  movements  of  storms,  the 
prices  of  grain,  and  of  almost  every  feature  of  terrestrial  meteo- 
rology, in  order  to  see  whether  these  run  through  periods  coinci- 
dent with  those  of  known  changes  on  the  solar  surface.  It  will 
be  admitted  by  the  most  utilitarian  that  the  end  aimed  at  is  a 
worthy  one,  for  the  practical  result  of  success,  such  as  some  be- 
lieve possible,  would  be  to  enable  its  attainer  to  predict  the  price 
of  breadstuffs  years  in  advance,  to  control  the  markets  of  the 
world;  to  bestow,  if  unselfish,  an  almost  priceless  knowledge  to 
man,  or,  if  self-seeking,  to  acquire  wealth  be3'ond  wish. 

I  need  hardly  say  that  the  attempt  has  thus  far  been  unsuc- 
cessful. There  is  hardly  any  topic  on  which  there  is  more  popular 
interest,  hardly  any  on  which  there  is  more  popular  error,  than 
this  of  the  supposed  influence  of  the  sun  on  the  weather.  By 
means  of  the  study  of  what  Professor  Smythe  terms  the  "  rain- 
band  *'  in  the  spectrum,  we  appear  to  have  lately  gained  increased 
facility  in  predicting  local  weather-changes ;  but,  excepting  this 
comparatively  unimportant  contribution,  studies  connected  with 
the  sun  have  as  yet  done  very  little  for  us  here,  and  it  seems 
necessary  to  say  that,  as  far  as  prophecy  is  concerned,  none  of  us 
are  yet  prophets,  or  more  able  to  tell  from  our  knowledge  of  the 
sun  what  the  weather  will  be  next  week  than  what  the  harvest  will 
be  next  year. 

There  is  another  utilitarian  aspect  of  our  study  about  which 
there  is  less  public  interest,  but  more  real  promise  —  I  mean  that 
which  concerns  the  direct  application  of  solar  heat  to  arts  and 
manufactures.  These  are  now  all  using  it  indirectly  —  by  the 
water,  for  instance,  which  it  lifts  into  the  clouds  to  turn  the  mills 
of  Lowell  or  Lawrence,  as  it  flows  back  to  the  sea,  or  by  the  coal 
which  it  stored  in  former  ages  to  drive  our  engines  to-day.  These 
indirect  means  use  but  the  feeblest  portion  of  the  solar  heat,  which 
is  in  theory  capable  of  furnishing  nearly  one  horse-power  for  each 
square  yard  of  the  earth's  surface  under  full  sunshine. 

What  we  have  actually  realized  in  experiments  is  still  consider- 
able. 
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The  visitor  to  the  last  Paris  Exposition  may  have  seen  upon  its 
grounds  a  machine  of  strange  appearance,  in  the  open  air,  pointing 
sunward  the  axis  of  an  immense  reflector,  shaped  like  a  truncated 
cone,  which  gathered  the  rays  to  a  linear  focus  upon  the  boiler  of 
a  working  steam-engine,  which  it  drove  thus  by  direct  solar  heat. 
Many  not  dissimilar  solar  engines  have  been  built  in  this  country 
and  in  India,  the  particular  one  of  which  I  speak,  due  to  M. 
Mouchot,  having  actually  realized  about  one  horse-power  to  ten 
feet  square  of  surface. 

We  are  startled  when  we  make  the  computation,  to  find  the  im- 
mensity of  the  force  thus  placed  at  our  disposal,  or  to  see  what 
the  utilization  of  thef  waste  places  of  the  earth  would  bring  us. 
Upon  the  limited  area  of  the  Adirondack  wilderness  to  the  north 
of  us,  for  instance,  the  daily  wasted  sun-power  actually  realizable, 
and  after  every  allowance  for  loss,  is  many  times  that  of  all  the 
estimated  steam-power  at  present  in  use  in  the  whole  world.  I  am 
not  myself  so  far  utilitarian  as  to  wish  to  see  this  use  made  of  our 
pleasant  summer  haunts,  but  there  are  regions  of  the  earth  at 
present  as  entirely  worthless  as  that  great  African  desert  which  it 
is  now  proposed  to  partly  reconvert  to  an  inland  sea,  a  sunburned 
area  now  apparently  hopelessly  useless  to  man,  and  yet  on  which 
an  amount  of  power  is  every  year  poured  in  utter  waste  which 
could  not  be  made  good  by  the  consumption  of  all  the  coal  known 
to  underlie  the  soil  of  Great  Britain. 

Such  machines  as  those  of  M.  Mouchot,  owing  to  the  expense 
of  construction  and  attendance,  cost  more  than  an  engine  driven 
by  coal,  though  the  sun  supplies  its  power  gratis  ;  but  it  is  simply, 
it  seems  to  me,  a  question  of  time  when,  with  another  form  which 
I  believe  our  researches  already  indicate,  such  engines  may  become 
an  economical  as  well  as  a  mechanical  success,  and  in  a  larger 
sense  it  is  still  only  a  question  of  time  when  the  rapidly  consum- 
ing coal-beds  of  Great  Britain  yield  their  last,  and  her  manufac- 
turing empire  is  transferred  to  countries  which  have  not  exhausted 
their  supply.  But  these  will  exhaust  their  own  in  turn  ;  the  stock, 
though  great,  is  finite  and  not  renewable ;  and  we  must  look,  for 
the  only  power  we  know  which  can  replace  coal,  to  those  regions 
of  the  earth  now  desolated  by  solar  heat,  and  to  which  future 
empire  ma3'  probably  tend. 

We  have  considered  the  past  and  the  present  of  our  study  ;  for  its 
future  there  remains  the  solution  of  all  the  great  problems  I  have 
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already  alluded  to,  but  these  questions  are  so  interlocked  that  the 
complete  answer  to  one  will  probably  not  be  given  till  we  are 
nearly  ready  to  answer  all. 

I  have  spoken  of  the  fallacy  of  the  popular  impression  of  the 
result  of  our  study  as  enabling  us  to  predict  the  weather,  or  to 
anticipate  the  character  of  coming  harvests.  Repeating  my  belief 
that  we  as  yet  know  nothing  here,  or  next  to  nothing,  I  yet  do  not 
mean  to  disparage  the  object  of  such  researches,  nor  even  to  deny 
the  possibility  of  their  ultimate  success.  We  can  look  forward, 
among  other  fair  dreams  for  our  science's  future,  to  a  time  when 
it  will  enable  us  to  predict  the  years  of  plenty  or  play  the  part  of 
a  beneficent  Providence,  by  warning  in  season  against  those  of 
famine,  which  have  cost  in  our  time  so  many  million  lives  in  China 
and  in  India.  These  are,  I  repeat,  still  dreams  only,  but  we  may 
call  them  hopes  if  we  will  —  hopes  of  which  increased  knowledge 
may  deprive  us,  but  of  which  we  can  not  say  it  may  not  bring 
fruition. 

There  remains  among  the  greatest  problems  of  the  future  of 
our  science  the  all-important  one  to  the  whole  human  race  of  the 
future  constancy  of  the  sun's  heat,  of  which  we  have,  it  seems  to 
me,  no  assurance  of  the  present  rate  of  supply.  We  have,  it  is 
true,  every  assurance  that  in  the  contraction  of  the  solar  mass 
and  in  the  supply  of  meteoric  matter,  we  have  heat  to  warm  the 
human  race  for  periods  almost  beyond  limit;  but  we  learn  also 
that  this  heat  is  tempered  to  us  by  a  solar  envelope,  which  seems 
to  be,  as  far  as  we  know,  in  conditions  which  do  not  favor  stability. 
It  is  constantly  being  added  to  by  eruptions  from  within  the  sun, 
caused  by  we  know  not  what,  and  constantly  diminished  by  some 
counter-process  which  we  understand  as  little.  When  we  consider 
that  the  thickening  of  this  solar  atmosphere  would  bring  back  the 
age  of  ice,  or  its  thinning  carry  our  polar  regions  to  tropical  tem- 
perature, and  when  we  remember  that  rhythmical  action,  not 
uniformity,  seems  to  be  the  law  of  nature  here,  we  can  feel  no 
certainty  of  the  future  constancy  of  the  solar  heat,  nor  of  our 
protection  against  such  changes  as  seem  to  have  befallen  other 
suns  in  space,  and  against  whieh  we  are  powerless  to  guard. 

But  such  considerations  of  our  ignorance  and  helplessness,  while 
they  may  prevent  us  from  any  undue  pride  in  what  our  science  has 
already  attained,  may  teach  us  renewed  confidence  from  the  very 
brevity  of  our  life.    These  green  fields  around  us  were  once  cov- 
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ered  with  glacial  ice,  and  the  change  has  been  absolute  from  that 
condition  to  the  one  of  to-day.  Yet  in  the  lifetime  of  any  one  of 
the  thousands  of  insect  generations  which  have  succeeded  each 
other  in  these  fields,  there  must  have  seemed  no  alteration ;  and, 
remembering  what  instants  our  own  lives  are,  in  a  like  comparison 
with  the  uncounted  ages  of  the  sun's  history,*  we  may  well  reckon 
that  onr  generation  shall  see  no  change. 

In  the  little  span  which  is  allowed  us,  however,  we  will  try  to 
learn  something  more  of  that  source  of  light,  life,  and  power  of 
which  we  are  materially  the  creatures ;  and,  if  we  can  leave  a 
knowledge  which  will  not  die  with  ourselves,  feel  that  we  have  left 
also  the  record  of  a  something  in  us  ''  which  owes  no  homage  to 
the  sun." 
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On  the  Obseryations  of  Double  Stars.    By  Asaph  Hall,  of 
Washington,  D.  C. 

The  existence  of  errors  in  the  work  of  an  observer  whith  are 
peculiar  to  him  and  to  his  instrument,  and  which  cannot  be  elimi- 
nated by  increasing  the  number  of  his  observations,  is  one  of  the 
chief  difficulties  in  combining  into  a  final  result  the  labors  of 
many  astronomers.  These  errors  being  of  the  nature  of  constant 
errors  are  not  recognized  by  the  method  of  least  squares,  and  it 
is  the  existence  of  such  errors  that  frequently  renders  illusory 
our  value  of  the  probable  error  of  a  result.  But  it  should  be 
remembered  that  this  is  not  a  fault  of  the  method  of  least 
squares,  in  which  all  errors  are  considered  as  purely  accidental, 
and  subject  only  to  the  laws  of  chance.  We  need  not  therefore 
be  surprised  when  we  see  in  the  determination  of  a  latitude  or  a 
longitude  an  error  ten  or  twenty  times  as  great  as  the  computed 
probable  error,  and  we  should  not,  as  some  Tiave  done,  accuse  the 
method  of  least  squares  of  giving  false  results.  The  unexpected 
error  comes  from  the  constant  errors  which  we  had  ignored  in  our 
previous  work,  and  which  are  brought  to  light  by  the  addition  of 
new  observations,  or  by  the  employment  of  new  methods.  In  the 
determination  of  the  orbits  of  satellites  and  double  stars  we  labor 
under  the  disadvantage  that  the  errors  of  observation  bear  a 
sensible  ratio  to  the  values  of  the  quantities  measured.  This  ratio 
is  sometimes  so  large  that  these  errors  may  render  our  result 
entirely  erroneous,  and  the  finat^  result  of  a,  long  numerical  work 
may  become  useless.  This  difficulty  is  aggravated  by  the  constant 
errors  in  the  angles  of  position  and  the  distances  measured  by 
different  observers,  whose  observations,  especially  in  the  case  of 
double  stars,  it  is  necessary  to  unit^  into  the  same  calculation. 

A.  A.  A.  8.,  VOL.  XXVIU.  6  {Go) 
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OBSERYATIONS   OF  DOUBLE  STARS; 


In  order  to  combine  these  observations  we  must  know  the  personal 
error,  or  the  constant  difference,  peculiar  to  each  observer. 

As  soon  as  micrometrical  measurements  became  accurate,  or 
when  Fraunhofer  by  means  of  his  wonderful  skill  had  supplied 
astronomers  with  suitable  micrometers,  the  attention  of  observers 
was  drawn  to  this  matter,  and  one  of  the  earliest  examples  of  the 
comparison  of  accurate  measurements  is  that  between  Bessel  and 
the  elder  Struve.  In  this  work  Bessel  used  the  Eonigsberg  heli- 
ometer  of  six  inch  aperture,  and  Struve  the  filar  micrometer  of 
the  Dorpat  refractor,  which  has  an  objective  of  9  J  inches  aperture. 
A  comparison  of  their  measures  showed  a  decided  constant  differ- 
ence in  the  distances,  while  the  angles  of  position  agreed  nearly 
within  the  limits  of  their  probable  errors.  The  following  table 
shows«  these  differences,  arranged  according  to  the  distances 
between  the  forty-one  stars  of  comparison. 


Distance. 

Stbuvs.— Bessel. 

Mo.  Stabs. 

1"J5 

—0".104 

2  .9 

—0  ,272 

4  .1 

—0  .200 

6  .3 

—0  .285 

6  .0 

—0  .235 

8  .1 

—0  .236 

13  .1 

—0  .171 

15.1   , 

—0  .070 

26  A 

—0  .003 

It  will  be  seen  that  the  constant  difference  in  the  distances  meas- 
ured by  these  skilful  astronomers  is  very  marked ;  that  this  differ- 
ence reaches  a  maximum  at  a  distance  of  about  6  "j  and  that  it 
vanishes  at  a  distance  of  26.5  ".  In  the  case  of  two  stars  at  an 
angular  distance  of  from  3"  to  8"  the  constant  personal  error 
amounts  to  from  ^(^  to  ^  ^f  the  whole  distance.  Thus  in  the 
case  of  the  interesting  double  star  70  Ophiuchi  we  might  on 
account  of  such  a  difference  make  an  error  of  ^  in  the  deter- 
smiuation  of  the  serai-maJor  axis  of  its  orbit.  The  differences 
given  in  the  preceding  table  were  found  from  stars  that  had  been 
observed  on  several  days,  and  each  difference  depends  on  several 
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stars,  so  that  the  accidental  errors  are  nearly  eliminated.  Bessel 
and  Struve  both  made  investigations  to  determine  their  constant 
personal  errors,  and  each  came  to  the  conclusion  that  his  own 
observations  were  correct,  and  that  the  error  must  lie  in  the  work 
of  the  other. 

In  contrast  with  these  constant  differences  it  is  interesting  to 
examine  the  probable  errors  of  the  observations  made  by  Stmve 
of  the  brighter  double  stars,  for  which  of  course  his  measures 
are  more  accurate  than  for  the  fainter  ones.  The  following  table 
gives  the  probable  errors  for  the  distances  and  the  angles  of 
position,  arranged  according  to  the  mean  distances  of  the  stars. 
The  errors  are  those  of  a  single  distance  and  a  single  angle  of 
position. 

W.  STRUVE'S  PROBABLE  ERRORS. 


MKAN 

M^TAKCB. 

PBOBABLB    BRROB8. 
DISTANCE. 

PBOBABLB    BRROB8. 
AKQLB. 

HO. 
STABS. 

0".7 

±0".07 

±0".08 

H 

1    .6 

0   .09 

0   .05 

111 

8   .1 

0   .10 

0   .08 

128 

6   .6 

0   .12 

0   .08 

119 

9   .8 

0   .18 

0   .09 

61 

18   .9 

0   .13 

0   .10 

48 

19  A 

0   .14 

0   .10 

48 

28  .8 

0    .16 

0   .12 

48 

Bessel's  probable  errors  are  nearly  the  same  as  Struve's,  perhaps 
a  little  greater ;  but  it  appears  from  recent  investigations  that  the 
Eonigsberg  heliometer  and  Bessel's  method  of  applying  it  to  the 
measurement  of  double  stars  were  very  nearly  free  from  constant 
errors.  It  will  be  noticed  that  Struve's  determinations  of  the 
angle  are  more  accurate  than  his  determinations  of  the  distances. 
This  arises  partly  fVom  his  method  of  observing,  and  is  not  the 
case  generally  with  observers,  many  of  whom  find  that  for  dis- 
tances greater  than  3'  or  4t"  their  distances  are  measured  with 
greater  accuracy  than  the  angles. 

In  1852  Otto  Struve  began  experiments  to  determine  the  con- 
stant errors  of  his  observations  of  double  stars.     He  made  a  very 
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Qareful  and  extensive  series  of  observations  of  artificial  double 
stars  in  the  years  1853  to  1856,  and  these  observations  were 
repeated  in  1866  and  in  1876.  This  is  by  far  the  most  elaborate 
investigation  of  the  kind  that  has  ever  been  made,  and  the  relalts 
are  interesting.  Thus  it  appears  that  for  stars  at  an  angular 
distance  of  3"  or  4"  the  observations  of  a  skilful  observer  may 
be  in  error  by  as  much  as  five  or  six  degrees  in  the  angle  of 
position :  this  error  depending  on  the  position  of  the  line  joining 
the  stars  to  that  of  the  vertical  circle  passing  through  the  stars. 
Another  singular  result  is  that  all  the  distances  between  2  "  and 
15''  measured  with  the  filar  micrometer  by  such  experienced  astron- 
omers as  the  two  Struves,  Dembowski  and  Diiner,  are  too  small, 
the  correction  reaching  a  maximum  of  from  0.2"  to  0.3  "  between 
the  distances  5''  and  10'' ;  while  on  the  other  hand  the  distances 
measured  by  Bessel  within  these  limits  are  nearly  correct.  Struve 
has  tabulated  these  corrections,  and  in  Vol.  IX  of  the  Pulkowa 
observations,  which  contains  his  observations  of  double  stars 
made  from  1839  to  1875,  the  corrections  have  been  applied  both  to 
the  angles  and  the  distances.  The  result,  according  to  theory, 
should  be  the  true  angles  and  distances  of  the  double  stars,  or 
these  quantities  freed  from  personal  errors.  Whatever  may  be  the 
decision  of  the  question  whether  corrections  deduced  in  this  manner 
shall  be  generally  introduced  into  astronomical  work,  there  can  be 
no  doubt  that  Struve  has  called  attention  to  the  essential  thing  to 
be  done  by  observers  of  double  stars.  This  is  that  they  should 
connect  their  observations  with  those  of  other  astronomers  by 
observing  at  nearly  the  same  time,  and  repeatedly,  and  at  various 
hour  angles,  the  same  stars ;  and  in  this  way  furnishing  the  means 
for  computing  the  systematic  corrections  of  their  own  obsei*vations. 
In  the  winter  of  18  75-' 76  my  attention  was  called  to  the  large 
constant  diflferences  that  may  exist  in  the  micrometrical  measure- 
ments of  astronomers,  a  striking  example  being  given  in  the 
observations  of  the  satellites  of  Uranus.  I  wrote  to  Struve  pro- 
posing that  he  should  select  a  list  of  double  stars  which  astron- 
omers might  observe  for  the  purpose  of  comparing  their  observa^ 
tions  and  deducing  their  systematic  corrections.  I  learned  from 
him  that  he  and  Baron  Dembowski  were  already  engaged  in  such 
a  work,  and  after  adding  to  the  list  a  few  stars  the  complete  list 
of  thirty  stars  was  published  by  Struve  in  June  1876.  In  order  that 
the  observations  might  be  made  independently^  it  was  understood 
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that  each  observer  should  avoid  all  knowledge  of  the  results  of 
other  astronomers,  at  least  until  his  own  observations  were  of 
such  a  number  that  the  mean  result  would  not  be  essentially 
changed  by  such  knowledge.  To  this  rule  I  have  carefully  adhered, 
and  at  the  present  time  have  accumulated  very  nearly  the  number 
of  observations  intended.  Our  large  refractor  at  Washington 
gives  ns  peculiar  advantages  in  the  observation  of  faint  objects, 
and  our  attention  has  not  been  given  chiefly  to  double  stars.  For 
this  reason  I  have  not'  made  so  many  observations  of  the  stars 
selected  by  Struve  as  I  might  otherwise  have  done ;  and  have 
assumed  that  ten  observations  of  each  star  will  gjve  a  trustworthy 
determination  of  my  value  of  its  angle  of  position  and  distance. 
It  is  my  intention  to  finish  my  observations  on  this  list  during  the 
present  year,  and  as  more  than  three  years  have  passed  since  the 
publication  of  the  list  no  harm  can  be  done,  I  think,  in  making 
known  some  of  the  results. 

To  show  the  quality  of  my  measurements,  I  select  three  of  the 
thirty  stars  measured.  In  the  following  table  the  first  column 
gives  the  date  of  the  observation,  the  second  the  siderial  time,  a 
comparison  of  which  with  the  right  ascension  of  the  star  will  give 
the  hour  angle  at  which  the  observation  was  made ;  the  third  and 
fourth  columns  give  the  angle  of  position  and  the  distance ;  the 
fifth  the  condition  of  the  images  on  a  scale  of  5,  1  denoting  a  very 
poor,  and  5  an  excellent  condition ;  the  sixth  column  gives  the 
magnifying  power,  and  the  last  cohimn  the  notes  on  the  observa- 
tions. Following  the  observations  are  given  the  mean  results  and 
their  probable  errors.  These  observations  were  all  made  in  the 
manner  that  nearly  all  our  micrometrical  work  has  been  done,  that 
IS  with  bright  wires  in  a  dark  field ;  a  method  not  the  most  accurate 
bat  adapted  to  the  observation  of  faint  objects. 


h. 

16 


m. 
4.2: 


Date. 
1876.71)5 
6.7S8 
6^1 
6J0S 
74Sa 


Sid.  Time. 
h. 
20.1 

19.9 

19.8 

19.8 

16.4 


2.  2034. 

^  =  +  83^  69' 

p. 

118*.6 
120  J{ 

118.6 
HI  A 


mags. 

(7,8  and  8) 


1".36 
1  .80 
1  M 
1  .18 
1  .28 


Image. 
9. 
2. 
8. 
8. 
2. 


006. 


888. 

eoo. 
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Hate. 

h. 
144 

p- 

«. 

Image, 

POW0 

7.491 

115.0 

1  .04 

8. 

606. 

7.460 

144 

114.8 

1   .19 

2. 

883. 

7.518 

15.1 

112.7 

1   44 

2. 

883. 

7.5SSB 

154 

lis  .8 

1   J9 

2. 

883. 

8^49 

21.6 

116  4 

1   .27 

8. 

883. 

8.8M 

81.7 

114.8 

1   M 

2. 

883. 

8JS7 

81.8    - 

114.1 

1  .17 

8. 

883. 

8.800 

21.1 

115.9 

1  .23 

8. 

883. 

9.470 

15i> 

llSUt 

1  40 

8. 

606. 

9.548     ' 

16.6 

U4.8 

1  .84 

2.     * 

606. 

9.546 

16US 

114  4 

1   JO 

8. 

606. 

9.549 

IM 

114.2 

1    .29 

8. 

606. 

Mean  Results. 

1876 

1.124 

p=115 

^36     =b  0^ 

386 

8=      1".270  zb  0".0160 

Probable  error  of  a  single  distaDce  =  db  0".066 

"  "      "  "      **       angle      =  di  I'^.SS  =  0".035 

fi  Lyrae, 


fkce  north, 
north, 
south. 
Bonth. 
north, 
north, 
south, 
south, 
south, 
east, 
south, 
north. 

Mean  Results. 
1877.636  p=149M39  =b  0^0248 

8=    45".841  =b  0".0120 


h. 
a=18 

45.5:     dz=z 

33M3': 

(3  and  6.7) 

Date, 

Sid,  Time. 
h. 
18J{ 

p. 

«. 

Jtnage, 

Power. 

1876.606 

148*.97 

45".87 

2. 

383. 

6.668 

18.2 

149.09 

45   .87 

2. 

888. 

6.661 

17.6 

149.29 

45   .80 

2. 

388. 

6.664 

18.2 

149.15 

45   .75 

3. 

883. 

6.669 

17.9 

149.81 

45   .86 

8. 

606. 

6.675 

18.2 

149  .18 

45   .91 

2. 

606. 

6.680 

18.1 

149.83 

45    .80 

2. 

606. 

6.710 

18.2 

149.16 

45    .82 

2. 

606. 

9.548 

18.0 

149.10 

45    .80 

2. 

606. 

9.646 

18.0 

148  .91 

45   .83 

2. 

883. 

9.684 

18.6 

149.08 

45   .80 

2. 

606. 

9J»7 

ISJi 

149.12 

45    .98 

3. 

883. 
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Probable  error  of  a  single  distance  =  db  0".0415 

«  "    "   "      "      angle      =±0^0859  =  0'^ 


069 


Z    2571. 

a  = 

b.         m. 
19    35.3: 

^z=  +  78^ 

mags. 

0':     (7.8  and  8) 

DaU. 

8id,Tlme. 
h. 
19.8 

P' 

«. 

Image. 

Powm 

1876.749 

22'.7 

11".49 

4. 

888. 

6.700 

194 

21.7 

11   .86 

2. 

888. 

6.781 

19.6 

21  .9 

11  .86 

8. 

888. 

6.784 

19.6 

21  .8 

11   44 

2. 

888. 

7.400 

16.6 

21.0 

11  .86 

8. 

888. 

7.618    • 

16.0 

20  J) 

11   .41 

2. 

883. 

7J8S 

16.8 

20.9 

11  .46 

2. 

888. 

7.584 

16.8 

20.7 

U  .88 

2. 

888. 

1877.140 


Mean  BesuUa. 

p  =  21^45      zb    0.^164 
s  =  ll".400    =b    0."0139 


Probable  error  of  a  single  distance  =  zh    0".039 
"         "       "         *'       angle  =  zb     0^.464 ; 


=0."092 


In  the  observed  angles  of  position  of  2  2034  and  2'2571  it  will 
be  seen  that  there  appears  to  be  a  constant  difference  in  1876 
depending  on  the  hour  angle  at  which  the  observation  was  made, 
but  this  difference  does  not  reappear  in  the  angles  of  2*2034 
observed  in  1878.  In  computing  the  probable  errors  I  have 
assumed  that  all  of  these  differences  are  accidental  and  the  proba^ 
ble  errors  of  the  angles  are  therefore  a  little  too  large.  The  dis- 
tances of  22571  are  among  the  most  accordant  of  my  measures, 
while  those  of  H  2034  are  among  the  most  discordant.  For  all  these 
stars  the  observed  angle  depends  on  four  settings  of  the  position 
circle,  and  in  the  case  of  fi  Lyra  and  22571  each  distance  depends 
on  four  measurements  of  the  double  distance ;  but  the  distances 
of  22034  depend  on  two  measurements  of  the  double  distance. 
i^Lyra  is  one  of  the  bright  stars  of  the  list  and  passing  near  the 
zenith  of  Washington  I  have  been  able  to  vary  my  position  in 
making  the  observations.  The  distance  of  these  stars  is  nearly 
equal  to  the  apparent  elongation  of  the  outer  satellite  of  Uranus. 
There  appears  to  be  only  a  slight  change  in  the  quantities  measured 
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with  the  change  in  the  position  of  the  observer,  and  I  have  con-- 
sidered  these  differences  also  as  purely  accidental.  The  star  2^2034 
is  only  six  degrees  from  the  North  pole  and  the  telescope  is  there- 
fore always  pointed  nearly  north  in  observing  this  star.  I  have 
had  much  trouble  in  making  the  observations  because  the  images 
were  frequently  confused  and  indistinct.  The  condition  of  things 
has  frequently  been  as  follows :  I  would  be  observing  stars  near 
the  zenith  the  images  being  tolerably  good  ;  on  turning  the  tele- 
scope down  toward  the  north  to  the  star  1 2034  the  images  at 
first  would  be  fair,  but  after  a  few  minutes,  and  before  an  observa- 
tion could  be  made,  the  images  would  become  so  bad  that  an  observa- 
tion was  impossible,  the  stars  being  simply  a  confused  mass  of  light. 
This  was  caused,  probably,  by  the  cool  north  wind  blowing  against 
the  warm  object  glass  and  disturbing  its  figure.  Our  large  objec- 
tive is  very  sensitive  to  changes  of  temperature,  and  will  not  per- 
form well  so  long  as  these  changes  are  rapid.  If  a  large  telescope 
is  ever  mounted  on  the  lofty  plains  of  the  West,  which  I  hope 
may  soon  be  done,  the  great  daily  change  of  temperature  in  those 
regions  will  be  one  of  the  difficulties  to  be  met. 

The  comparison  of  the  observed  values  of  the  same  distance  and 
angle  of  position  will  furnish  the  means  of  reducing  the  observa- 
tions of  different  astronomers  to  a  common  standard,  and  this  is 
all  we  need.  If  we  could  assume  that  the  habits  of  observers  do 
not  change,  a  single  determination  of  the  personal  error  would  be 
sufficient,  but  this  assumption  cannot  be  made.  In  order  to  apply 
another  test  to  my  measures,  I  have  made  the  following  observa- 
tions :  If  I  select  four  stars  forming  a  small  quadrilateral  on  the 
heavens,  and  observe  the  six  distances  which  these  stars  form  with 
each  other,  and  the  four  angles  which  the  distances  contain,  if 
my  observations  are  correct  they  will  satisfy  certain  geometrical 
relations.  Thus  in  the  case  of  a  quadrilateral  the  sum  of  the 
observed  angles  ought  to  equal  four  right  angles.  If  this  con- 
dition is  satisfied  the  observed  angles  are  correct,  or  the  en*ors 
of  the  angles  compensate  each  other.  Some  compensation  of  this 
kind  would  probably  take  place,  but  the  experiment  of  subjecting 
one's  observations  to  a  geometrical  test  is  interesting.  The  four 
bright  stars  in  the  trapezium  of  Orion  furnish  a  convenient  quad- 
rilateral for  such  a  trial,  and  I  have  observed  the  angles  and  the 
distances  between  these  stars  each  on  an  average  fourteen  nights ; 
seven  nights  in  1877  with  bright  wires  in  a  dark  field,  and  seven 
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nights  in  1878  with  dark  wires  in  a  bright  field.  Professor  Holden 
has  computed  the  equations  of  conditions  and  adjusted  these  meas* 
nres  by  the  method  of  least  squares.  The  observations  were 
made  in  the  usual  manner,  each  angle  of  position  in  1877  depend- 
ing on  four  settings  of  the  position  circle,  and  each  distance  on 
two  measurements  of  the  double  distance ;  but  in  1878,  generally 
each  distance  depends  on  four  measurements  of  the  double  dis- 
tance. It  should  be  stated  also  that  in  1878  the  illumination  of 
the  field  was  quite  unsteady.  The  probable  errors  of  a  single 
observation  are  as  follows : 


1877.     (bright  wires), 

Power  383. 

for  a  single  distance 

r=z±    0".060 

"      "        angle 

r,  =  do    0^270 

"      "            "    at  distance  15".5 

r  =  ±    0".073 

1878.     (dark  wires). 

Power  388. 

for  a  single  distance 

r  =  =t    0".050 

"        "    angle 

r  =  =b     0^250 

*•        "       "    at  distance  15".5 

r  =  =b    0".068 

It  appears  that  in  this  case  the  distances  and  the  angles  are  meas- 
ured with  nearly  the  same  degree  of  accuracy,  and  that  the  differ- 
ence between  the  bright  and  the  dark  wires  is  hardly  sensible. 
After  the  adjustment  of  the  quadrilateral  the  sum  of  the  angles  is 
in  1877,  360^.02 ;  and  in  1878,  359.**62.  The  values  of  the  proba- 
ble errors  which  result  from  the  least  square  solution  are  very 
nearly  the  same  as  those  above. 

These  examples  are  sufficient  to  show  the  degree  of  accuracy 
attained  in  measurements  with  the  filar  micrometer  of  the  Wash- 
ington refractor.  This  is  sufficient,  I  think,  to  justify  our  under- 
taking determinations  of  stellar  parallax. 
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22    4 

55.4  ±5 

weight  2. 

22     7 

89.3  ±1 

weight  4. 

5  38 

49.7  ±8 

weight  8. 

5  36 

44.7  ±4 

weight  2. 
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Observations  of  the  Transit  of  Mercury,  1878,  Mat  6,  includ- 
ing A  Systematic  Search  for  a  Satellite,  and  Measures 
of  the  Diameter  of  the  Planet.  By  D.  P.  Todd,  of 
"Washington,  D.  C. 

The  conditions  for  observing  the  transit  of  Mercury  at  Wash- 
ington were  very  favorable.  The  reduced  Washington  mean 
times  of  observation  of  the  contacts  are  as  follow : — 

d 

The  first  (external)  contact,  May  5 
The  second  (internal)  contact. 
The  third  (internal)  contact.  May  6 
The  fourth  (external)  contact, 

The  weights  are  assigned  according  to  a  scale  in  which  5 
would  indicate  a  perfect  observation.  A  magnifying  power  of 
180  diameters  was  employed.  The  observed  phases  correspond 
to  the  diagrams  represented  at  ^^ External  Contact"  and  ^^Inteimal 
Contact"  in  figure  2  of  Professor  Newcomb's  Instructions  for 
Observing  the  Transit  of  Mercury^  issued  by  the  Naval  Observa- 
tory.^ The  appearance  of  these  disks  at  a  distance  of  half  a 
mile  had  been  carefully  studied  before  the  transit.  It  is,  there- 
fore, believed  that  the  times  above  given  are  those  of  geometric 
contact,  with  as  great  a  degree  of  accuracy  as  the  assigned 
weights  and  probable  errors  indicate.  No  hesitation,  distortion, 
nor  black  dfop  was  observed  at  any  of  the  contacts. 

No  light  spot  was  observed  on  the  disk  of  Mercury — either 
white  or  any  other  color.  The  disk  appeared  of  a  uniform  jet 
blackness  throughout.  No  indication  of  an  atmosphere  surround- 
ing the  planet  was  remarked — the  limb  of  the  planet  was  very 
sharply  defined  all  around. 

A  systematic  search  for  a  possible  satellite  of  Mercury  was 
maintained  at  suitable  intervals  during  the  time  of  the  transit. 
Moments  of  favorable  definition  were  chosen  for  the  employ- 
ment of  a  magnifying  power  so  high  that  a  satellite  having  a 
diameter  so  large  as  40  miles  could  not  have  escaped  detection. 
The  following  table  shows  the  maximum  apparent  elongation  of 

^  See  also  page  46  of  Hqixn^t  on  Tele$ecpte  OUtrvationM  of  Iht  Tran8it*o/  Mercury, 
May  5-6, 1878,  forming  Appendix  II  of  Uie  WaihingUm  ObtervaHons  for  1876. 
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satellites  with  yarious  hypothetic  periods,  assuming  Encxs's  mass 
of  Mercury  i^^idoo^^  ^^^  o^  ^^^  ^^^  • — 


ASSUMED 
PRR10D. 

MAXIMUM  APPARENT 

ELONGATION   AT 

DISTANCE  [9.747] 

8.0  hours. 

6.0  hours. 
12.0  hours. 

1.0  day. 

2.0  days. 

8.0  days. 
30.0  days. 

11" 

17 
27 
48 
68 
89 
412 

As  the  transit  of  Mercury  was  so  nearly  central,  a  satellite 
having  a  period  which  it  would  seem  reasonable  to  assume  must 
have  been  projected  on  the  disk  of  the  sun.  If,  however,  any 
such  object  exists,  it  would  be  much  more  readily  detected  by 
the  solar  li^ht  which  it  must  reflect. 

The  observations  were  all  made  with  the  Clark  equatorial 
refractor  which  was  used  by  the  Transit-of-Venus  party  stationed 
at  Campbelltown,  Tasmania,  in  1874.  It  has  a  clear  aperture  of 
five  inches,  and  was  mounted  in  the  garden  of  the  Naval  Obser- 
vatory, 285  feet  east,  and  185  feet  south  of  the  centre  of  the 
smaller  dome  of  the  Observatory.  The  number  of  the  instrument 
is  860.    The  full  aperture  was  employed. 

The  equatorial  is  furnished  with  a  double-image  micrometer, 
of  the  AiRT  pattern  as  modified  by  Yalz.  This  was  employed 
in  a  series  of  measures  of  diameters  of  the  planet,  with  a  mag- 
nifying power  of  200.  The  results  of  these  measures  are  given  in 
the  Table  on  the  following  page. 

The  atmospheric  conditions  were  not  favorable  for  carrying  out 
the  original  scheme  of  continuing  these  measures  90^  farther. 
The  unfinished  series,  however,  seems  to  afibrd  no  evidence  of 
ellipticity  of  the  planet.    Each  result  in  the  column  ''Apparent 
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Diameter"  is  given  by  the  mean  of  three  separate  measures  of 
double-diameter  of  the  planet.'    The  value  of  one  rotation  of 


POSITION  ANGLE  OF 
DIAHETKR  HEASCRED. 

APPARENT 
DIAMETER. 

357''  — 177" 
857  —177 
7  —187 
17  —197 
27  —207 
37  —217 
47  —227 
57  —237 
67  —247 
77  —257 
87  — 2d7 

11".88 
11  .80 
11  .88 
11  .81 
11  .80 
11  .87 
11  .81 
11  .86 
11  .85 
11  .88 
11  .80 

Mean  Diameter, 

11  .84 

the  micrometer-screw  was  determined  by  the  measurement  of  a 
white  disk,  about  two  feet  in  diameter,  on  a  back-ground  of  jet 
blackness.  The  disk  was  placed  at  a  distance  of  about  8080 
feet. 

The  distance  of  Mercury  from  the  earth  at  the  mean  epoch  of 
the  measures  being  [9.7465],  the  mean   redult,   11''.84,  gives 

6''.604  =b  0".004 

for  the  diameter  of  the  planet  as  seen  at  the  distance  unity. 
Assuming  »  solar  parallax  of  8'^81,  the  resulting  diameter  of 
Mercury  is 

4781  kilometers  =  2971  miles. 

*I  remark  here  that  the  extraordinary  agreement  of  these  reBulta  Is  not  to  be 

regarded  otherwise  than  merely  accidental :  an  exhibit  of  all  the  separate  measures 

'  of  donblC'diameter  Indicates  discordances  which,  althongh  they  happen  to  be  nearly 

eliminated  In  the  means  by  threes,  should  be  regarded  as  a  surer  Index  of  the  Talne 

of  the  observations. 
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The  following  table  exhibits  the  values  of  this  constant  resulting 
firom  some  of  the  best  astronomical  determinations,  the  name  of 
the  observer,  the  sort  of  instrument  used,  and  the  date  of  the 
observations :  — 


MBRCURT 
▲T  D18TAKCB  1. 

OB8BKYBB. 

DfSTRUMBirT. 

DATS. 

e".«793 

Bbssbl. 

Heliometer. 

1832,  May  5. 

6  JBB 

MAIN. 

Double-Image  Micrometer. 

1841—1815. 

6  JSi 

Bruhns. 

Wire-Micrometer. 

1861,  Not.  11. 

6  .606 

Kaisbr. 

Doable-Image  Micrometer. 

1866,  Jane -Oct. 

6  .as9 

Wolff. 

Heliometer. 

1868,  Not.  4. 

A  Method  of  investigating  the  Errors  produced  bt  Irregu- 
LARrriES  IN  the  Form  of  the  Pivots  of  a  Meridian  In- 
strument.   By  C.  A.  Young,  of  Princeton,  New  Jersey. 

Various  methods  have  been  proposed  and  used  for  detecting 
and  measuring  irregularities  in  the  form  of  pivots. 

The  oldest  apparatus  for  the  purpose  is  the  contact  level  of 
Bessel,  arranged  in  such  a  manner  that  the  bubble  of  the  level  will 
be  disturbed  by  any  irregularities  of  the  pivot  surface  when  the 
instrument  is  revolved  upon  its  axis.  The  level  can  be  made 
sufficiently  delicate  to  detect  any  imperfections  which  would  sen- 
sibly affect  the  observations,  but  unfortunately  it  does  not  furnish 
the  data  for  a  direct  calculation  of  the  corrections  to  be  applied 
on  account  of  the  errors  it  detects. 

A  second  method  of  procedure  consists  in  mounting  upon  each 
of  the  piers  a  powerful  microscope,  and  observing  the  movements 
of  a  fine  dot  near  the  center  of  the  end-face  of  each  pivot.  As 
the  instrument  is  turned  in  the  Ts,  the  dots  ought  to  describe 
small  circles,  and  the  observed  deviations  of  their  actual  paths 


• 
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ih>m  these  circles  will  supply  data  for  computing  the  changes  in 
the  direction  of  the  axis,  and  the  corresponding  deviations  of  the 
line  of  collimation  from  the  proper  plane  of  rotation.  The  appa- 
ratus, however,  is  costly,  and  the  observations  required  are  tedious 
and  difficult. 

If  tlie  instrument  has  two  circles,  one  near  each  end  of  its  axis, 
a  set  of  readings  of  both  circles  made  for  the  purpose  of  deter- 
mining the  errors  of  graduation  will  also  be  available  for  investi- 
gating the  figure  of  the  pivots.  Few  instruments,  however,  are 
thus  provided. 

A  still  more  refined  method  consists  in  fitting  up  the  axis  of  the 
instrument  as  a  telescope,  the  axis  being  made  hollow  as  usual, 
and  furnished  with  an  object  glass  at  one  end,  and  at  the  other 
with  an  eyepiece  and  micrometer:  or  it  may  be  fitted  op  merely 
as  a  collimator,  with  an  object  glass  at  one  end,  and  at  the  other 
a  simple  pair  of  cross  wires  in  its  focus.  In  the  first  case,  we 
look  through  the  axis  at  a  collimator  mounted  upon  a  pier  in  the 
prolongation  of  the  axis ;  in  the  second,  a  telescope  upon  the  pier 
observes  the  axis  itself  as  a  collimator.  In  either  case,  the  path 
described  by  the  axis  of  the  instrument  during  a  revolution  is 
immediately  deducible  from  the  micrometer  observations  upon  the 
collimator  cross  wires. 

The  only  objection  to  the  method — a  fatal  one,  however,  in  most 
cases — is  that  the  hole  in  the  pivot  is  too  small  to  admit  of  an 
object  glass  sufficiently  large  to  give  satisfactory  definition  of  the 
collimator  cross.  If  the  length  of  the  axis  is  three  or  four  feet, 
the  object  glass  ought  not  to  be  less  than  two  inches  in  diameter, 
and  it  had  much  better  be  three  or  four.  In  very  large  instruments, 
like  the  Meridian  Circle  at  Greenwich,  with  pivots  six  inches  in 
diameter,  the  method  answers  perfectly. 

It  has  occurred  to  me  that  the  difficulty  might  be  surmounted 
in  the  following  manner.  Attach  firmly  to  the  extremity  of  the 
axis  of  the  instrument,  a  plane  mirror  three  or  four  inches  in 
diameter,  with  its  plane  approximately  normal  to  the  axis,  and 
observe  it  by  a  telescope,  fitted  with  a  so-called  coUimating  eye- 
piece, and  mounted  solidly  in  the  prolongation  of  the  axis.  Even 
a  small  instrument  could  carry  a  mirror  of  this  size,  and  as  the 
object  glass  of  the  collimator  can  be  of  the  same  diameter,  abun- 
dant optical  power  can  be  commanded  for  the  measurement  of  the 
minute  deviations  in  question.     Moreover,  these  deviations  are 
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doubled  by  the  reflection^  so  that  with' a  given  optical  and  micro- 
metric  apparatus  the  accuracy  of  the  results  would  be  doubled. 

Suppose  that  the  instrument  has  been  adjusted  for  (iolUmation 
by  a  pair  of  opposite  collimators  in  the  usual  way,  and  its  axis 
levelled,  not  by  a  spirit  level,  but  by  a  Bohnenberger  eye-piece 
and  basin  of  mercury,  using  the  adjusting  screws  of  the  Ys  to 
briug  the  image  of  the  wires,  seen  in  the  mercury,  to  coincide 
with  the  wires  themselves.  We  may  now  define  the  ^^Astronomical 
axis''  of  the  instrument  as  a  line  which  is  perpendicular  to  the 
line  of  collimation,  and  horizontal  when  the  telescope  is  pointed 
upon  either  one  of  its  two  collimators  arbitrarily  selected ;  and 
this  without  regard  to  the  figure  of  the  pivots.  This  astronomical 
axis,  like  the  optical  axis  of  a  crystal,  is  not  merely  one  line  of 
material  paiticles  in  the  instrument,  but  any  line  which  fulfils  the 
conditions — a  direction j  rather  than  a  line ;  fixed  indeed  with  ref- 
erence to  the  line  of  collimation  and  the  parts  of  the  instrumeht 
while  rotating  upon  the  Ys,  if  the  instrument  is  rigid ;  but  not  fixed 
in  space  during  the  rotation  unless  the  pivots  are  perfect  in  form. 

If  now  the  plane  of  the  mirror  is  perpendicular  to  this  axis,  we 
can  readily  bring  the  testing-telescope  to  coincide  with  the  axis 
by  making  the  image  of  the  cross  hairs,  reflected  from  the  mirror, 
to  coincide  with  the  hairs  themselves,  while  the  telescope  of  the 
instrument  is  pointed  to  its  collimator.  If  the  mirror  Is  not  per- 
pendicular to  this  axis  we  must  direct  the  testing-telescope  so 
that  the  intersection  of  its  wires  may  lie  half-way  between  the 
reflected  image  formed  when  the  instrument  is  pointed  North  and 
that  obtained  when  it  is  pointed  South.  The  angular  distance 
between  the  images,  in  the  two  positions  named,  will  then  be  four 
times  the  inclination  of  the  mirror,  which  may  be  a  minute  or  two 
of  arc  without  inconvenience  and  even  with  advantage,  as  it  is 
not  desirable  to  have  the  reflected  image  too  near  the  intersection 
of  the  wires  for  convenient  measurement  of  the  interval.  The 
testing-telescot>e  being  thus  adjusted,  the  reflected  image  should, 
if  the  pivots  are  perfect,  describe  an  exact  circle  around  the  inter- 
section of  the  wires  with  a  radius  equal  to  twice  the  inclination 
of  the  mirror.  The  deviations  of  the  image  from  the  position  it 
ought  to  have  on  Mie  hypothesis  of  perfect  pivots,  will  be  double 
the  angular  deviations  of  the  axis,  and  will  determine  the  aberra- 
tions of  the  line  of  collimation  from  a  vertical  circle  passing 
through  the  line  of  the  fixed  collimators. 
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If  the  plane  of  the  mirror's  inclination  be  made  coincident  with 
the  line  of  collimation  of  the  telescope,  the  observations  become 
extremely  simple.  It  is  then  only  necessary  to  consider  the  vari* 
ations  in  the  distance  of  the  reflected  image  from  the  intersection 
of  the  wires ;  the  position  angles  do  not  come  into  the  reckoning 
at  all. 

It  is  hardly  necessary  to  add  that  if  the  testing-telescope'' be 
only  approximately  adjusted  to  coincidence  with  the  astronomical 
axis  of  the  instrument,  the  observations  of  the  reflected  image  of 
its  wires  will  still  furnish  all  the  needed  data  for  determining  the 
position  and  the  motions  of  the  axis,  with  undiminished  accuracy, 
though  with  slightly  increased  complication  in  the  calculation. 

It  would  be  desirable  that  the  testing-telescope  should  have,  in 
place  of  the  ordinary  eye-piece,  a  compound  microscope,  mounted 
independently  of  the  tube  containing  the  object-glass  and  reticle. 

This  microscope  should  be  provided  with  a  position  micrometer 
for  measuring  the  distance  between  the  cross  wires  and  their  image. 
With  this  arrangement  there  would  be  no  danger  of  disturbing  the 
direction  of  the  testing-telescope  by  the  manipulation  of  the  mi- 
crometer. 

The  angular  value  of  the  micrometer  scale  could  be  obtained  in 
various  ways — probably  most  simply  as  follows.  Point  the  instru- 
ment on  one  of  its  collimators,  and  displace  it  slightly  by  the  screws 
which  adjust  it  in  azimuth.  The  displacement  can  be  measured 
directly  by  its  right  ascension  micrometer,  and  the  displacement 
of  the  reflected  image  in  the  testing-telescope  will  be  just  twice 
as  much. 

It  might  be  advisable  to  substitute  for  cross  hairs  in  the  reticle 
of  the  testing-telescope,  a  thin  glass  plate  carrying  a  minute  black 
dot,  surrounded  by  one  or  two  concentric  circles,  to  make  its  iden- 
tification easy.     This  could  easily  be  managed  by  photography. 

The  mirror  must  of  course  be  firmly  attached  to  the  pivot.  In 
applying  the  method  to  a  new  instrument  it  would  probably  be  best 
to  make  and  work  it  in  one  piece  with  the  pivot,  platinizing  or 
silvering  it  to  give  it  reflective  power.  If  it  were  necessary  to 
have  a  hole  through  its  center  for  the  purpose  of  illuminating  the 
wires  of  the  instrument,  no  inconvenience  would  Ife  involved  beyond 
a  slight  loss  of  light  in  the  reflected  image. 

After  reaching  Saratoga  I  learned  from  our  distinguished  guest, 
Professor  Struve,  that  a  very  similar  method  has  already  been 
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Boccessfully  put  in  practice  at  Poulkowa  by  Wagner.  He  uses  a 
mirror  attached  to  the  axis  in  the  same  manner,  but  instead  of 
employing  a  telescope  observing  the  image  of  its  own  reticle,  I 
understand  that  he  uses  a  microscope  viewing  the  reflected  image 
of  a  luminous  point.  His  method,  therefore,  involves  the  consid- 
eration of  linear  displacements  as  well  as  angular,  while  in  the 
method  above  proposed  we  have  to  do  with  angular  deviations 
only. 


Discovert  op  the  Coincidence  op  the  Bright  Lines  of  the 
Oxygen  Spectrum  with  Bright  Lines  in  the  Solar  Spec- 
trum.   By  Henry  Draper,  of  New  York. 

The  object  of  this  paper  is  to  point  out  the  evidence  I  have  pre- 
sented to  show  that  Oxygen  exists  in  the  Sun,  to  describe  the  in- 
strumental appliances  employed  in  the  research,  and  to  discuss 
the  objections  that  have  been  raised  to  the  conclusions  I  have 
reached. 

Of  course  at  the  beginning  of  these  experiments  their  outcome 
could  not  be  foreseen  and  while  the  absence  of  the  non-metals  in 
the  sun  may  have  seemed  to  be  inexplicable,  especially  if  the  Neb- 
ular Hypothesis  be  accepted,  yet  I  did  not  contemplate  any  partic- 
ular endeavor  to  detect  this  chemical  group.  In  fact  the  leading 
idea  at  the  time  of  constructing  my  28  inch  telescope  was  rather  to 
seek  for  spectroscopic  evidence  among  the  stars  and  nebulas  of  the 
compound  nature  of  the  so-called  elements  and  to  determine  the 
true  elementary  bodies. 

The  research  may  properly  be  said  to  have  commenced  about 
ten  years  ago.  I  had  at  that  time  already  constructed  a  telescope 
of  15^  inches  aperture  which  was  commenced  in  1858  and  had 
taken  with  it  many  hundreds  of  photographs  of  the  Moon.  But 
as  the  mounting  had  been  contrived  for  lunar  photography  and  to 
avoid  the  Moon's  motion  in  declination,  the  instrument  was  not 
suitable  for  the  especial  spectroscopic  work  contemplated.  A  re- 
flector of  28  inches  aperture  was  therefore  commenced  in  1866  and 
in  1871  it  was  ready  for  use.  Much  time  is  consumed  in  con- 
a.  A.  a.  8.,  VOL.  xxvni.  6 
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structing  such  an  instrument  because  a  variety  of  difficult  problems 
require  to  be  solved  particularly  those  bearing  upon  the  supporting 
of  the  mirror  and  those  connected  with  keeping  a  star  accurately 
in  one  place  in  the  field  of  the  telescope  or  on  the  slit  of  the  spec- 
troscope. The  great  delicacy  of  adjustment  necessary  for  this 
latter  purpose  may  be  appreciated  from  the  statement  that  at  the 
focus  of  thia  Cassegrain  reflector  a  deviation  of  one  second  of  arc 
from  the  true  motion  of  a  star  during  a  photographic  exposure  of 
fifty  minutes  is  sufficient  to  cany  the  star  entirely  off*  the  slit  of 
the  spectroscope,  the  slit  being  sometimes  less  than  ^^  of  an  inch 
wide.  The  least  magnifying  power  at  the  focus  is  50  times  and 
hence  the  errors  of  going  are  increased  to  that  extent. 

On  May  29th,  1872,  my  first  photograph  of  the  spectrum  of  a  star 
was  taken,  the  spectrum  of  Vega  being  photographed  by  the  aid 
of  a  quartz  prism.  During  August  of  that  year  several  spectrum 
photographs  of  Vega  were  made  and  these  showed  four  strong  lines 
in  the  ultra-violet  region,  the  least  refrangible  being  near  G.  On 
pursuing  the  subject  farther  and  seeking  to  ascertain  what  sub- 
stance or  substances  gave  rise  to  these  lines,  it  became  obvious 
that  a  photographic  study  of  this  part  of  the '  spectrum  for  the 
metals  and  non-metallic  elements  was  necessary  to  interpret  the 
results.  This,  of  course,  opened  out  a  very  large  field  for  experi- 
ment which  would  require  many  years  for  its  study  and  hence,  as 
several  physicists  were  engaging  in  the  study  of  the  spectra  of  the 
metals  I  concluded  to  discontinue  the  experiments  commenced  in 
1870  on  the  spectra  of  the  metals  and  to  confine  the  investigation 
mainly  to  the  non-metals.  The  initial  step  was,  however,  to  obtain 
a  fine  photograph  of  the  diflfraction  spectrum  of  the  Sun  so  that 
the  wave-lengths  of  the  lines  up  to  O  (wave-length  3440  ten-mill- 
ionths  of  a  millimetre)  might  be  determined  with  precision. 

In  the  spring  of  1873  I  published  a  paper  on  the  difl[\*action 
spectrum  of  the  Sun  illustrated  by  a  photograph  embracing  the 
region  from  wave-length  4350  near  G  to  3440  near  O,  and  in  the 
autumn  of  the  same  year  took  photographs  of  the  spectra  of 
several  of  the  non-metals,  notably  Nitrogen,  Carbon  and  Oxygen. 
The  experiments  were  interrupted  in  the  spring  of  1874  by  my 
going  to  Washington  to  superintend  the  photographic  prepara- 
tions for  the  United  States  Observations  on  the  Transit  of  Venus. 

Since  that  time  my  experiments  have  been  divided  into  two 
parts,  an  astronomical  portion  occupying  principally  the  summer 
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season  and  a  laboratory  portion  daring  the  rest  of  the  year.  The 
former  consisted  of  photographs  and  observations  on  the  spectra 
of  the  stars,  planets  and  sun  ;  the  latter,  of  photographic  work  on 
the  spectra  of  the  elements  and  particularly  the  non-metals.  It 
was  in  my  city  Laboratory  that  most  of  the  oxygen  work  has  been 
done  and  consequently  the  engine,  the  Gramme  machine,  the  induc- 
tion coil  and  the  large  spectroscope  are  generally  there. 

My  first  photographs  of  metallic  spectra  were  taken  with  such 
apparatus  as  happened  to  be  at  hand,  viz :  a  couple  of  Bunsen's 
batteries,  an  induction  coil  giving  a  spark  of  one-half  inch,  and 
Hofmann's  direct-vision  spectroscope.  The  length  of  the  spec- 
tram  from  G  to  H  was  about  half  an  inch,  but,  though  the  di- 
mensions were  small,  the  promise  was  great.  Not  long  after,  on 
examining  a  series  of  photographs  of  the  fluted  spectrum  of  nitro- 
gen taken  with  more  powerful  instrumental  appliances  and  with 
juxtaposed  solar  spectra,  the  suspicion  that  there  was  a  coincidence 
of  some  bright  bai^ds  in  the  two  spectra  was  suggested.  On  pur- 
suing the  subject  with  more  and  more  powerful  electrical  and  opti- 
cal arrangements,  the  coincidence  of  bright  lines  of  oxygen  with 
bright  lines  in  the  solar  spectrum  was  disQOvered. 

The  original  apparatus,  as  has  been  said  above,  was  on  a  very 
small  scale,  but  it  was  soon  replaced  by  a  larger'  battery,  a  2 -inch 
induction  coil,  and  a  direct-vision  prism  of  one  inch  aperture  by 
Browning.  The  electrical  part  was  made  more  and  more  powerful 
as  the  research  proceeded,  the  2-inch  induction  coil  being  succeed- 
ed by  one  of  six  inches,  and  that  in  turn  by  a  Ruhmkorff  coil  ca- 
pable of  giving  a  spark  of  seventeen  inches.  The  battery  was 
eventually  superseded  by  a  Gramme  dynamo-electric  machine 
which  can  produce  a  current  powerful  enough  to  give,  between 
carbon  points,  a  light  equal  to  500  standard  candles.  When  this 
machine  is  properly  applied  to  the  17- inch  induction  coil,  it  will 
readily  give  1,000  lO-inch  sparks  per  minute.  These,  being  con- 
densed by  fourteen  Leyden  jars,  communicate  an  intense  incandes- 
cence to  air,  and  light  enough  is  produced  to  permit  of  the  use  of 
a  narrow  slit,  and  of  a  collimator  and  telescope  of  long  focus. 

Since  1877,  when  the  first  publication  of  the  discovery  of  oxy- 
gen in  the  Sun  was  made,  still  further  improvements,  especially  in 
the  optical  parts,  have  been  completed,  so  that  I  am  now  enabled 
to  photograph  the  oxygen  spectrum  with  four  times  the  dispersion 
then  employed.    For  the  sake  of  clearness,  it  is  best  to  give  a 
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brief  description  :  Ist,  of  the  electrical  part ;  and  2nd,  of  the  op- 
tical part. 

The  electrical  part  consists  of  the  Gramme  machine  and  its 
driving  engine,  the  induction  coil,  the  Leyden  jars,  and  the  termi- 
nal or  spark  compressor.  An  'advantage  the  Gramme  has  over  a 
battery  is  in  the  uniformity  of  the  current  it  gives  when  an  uniform 
rate  of  rotation  of  its  bobbin  is  kept  up.  Of  course  this  implies 
the  use  of  a  prime  mover  that  is  well  regulated.  The  petroleum 
engine  of  one  and  a  half  horse-power  I  have  employed  is  conven- 
ient and  safe  and  does  this  duty  well.  As  to  the  Gramme  itself, 
it  is  only  needful  to  call  attention  to  a  modification  of  the  interior 
connections.  In  one  form  the  bobbin  of  wire  which  revolves  be- 
tween the  magnets  is  double,  so  that  the  current  produced  may  be 
divided  into  two.  Under  ordinary  circumstances,  where  the  ma- 
chine is  used  to  produce  light,  both  sides  of  the  bobbin  send  their 
currents  through  the  electro-magnets.  But  if  the  whole  current 
be  sent  through  a  quick- working  break  circuit  into  an  induction 
coil,  the  electro-magnets  do  not  become  sufficiently  magnetised  to 
produce  any  appreciable  effect.  It  is  expedient,  therefore,  to  ar- 
range the  connections  so  that  one-half  of  the  bobbin  gives  a  con- 
tinuous current  through  the  electro-magnets  and  keeps  up  the  in- 
tensity of  the  magnetic  field,  and  then  the  current  from  the  other 
half  of  the  bobbin  may  be  used  for  exterior  work,  whether  con- 
tinuous or  interrupted. 

At  first  a  Foucault  mercurial  interrupter  was  arranged  to  make 
and  break  the  current  passing  into  the  primary  circuit  of  the  in- 
duction coil ;  but  during  the  past  year,  by  carrying  the  rate  of  ro- 
tation of  the  Gramme  up  to  1,000  per  minute,  the  strength  of  the 
current  has  been  so  much  increased  that  the  mercury  was  driven 
violently  out  of  the  cup,  and  hence  it  was  essential  to  arrange  a 
mechanical  break  in  which  solid  metal  alone  was  used.  This  has 
been  accomplished  by  fastening  on  the  axis  of  the  Gramme  bob- 
bin awheel  with  an  interrupted  rim,  which  serves  the  purpose  well. 

As  to  the  induction  coil,  it  is  only  needful  to  say  that  it  gives  a 
good  thick  spark,  which  is  limited  to  twelve  inches  to  avoid  the 
risk  oi  injuring  the  insulation.  The  Leyden  jars  are  fourteen  in 
number,  having  altogether  seven  square  feet  of  coating  on  each 
surface. 

The  arrangement  of  the  terminals  from  the  Leyden  jars  to  get 
the  steadiest  and   brightest  effect  has  offered  great  difficulties. 
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The  condensed  spark  taken  in  the  open  air  or  in  a  gas  under  at- 
mospheric pressure  pursues,  if  nnconfined,  a  zigzag  course,  and 
this  is  apt  to  produce  a  widening  of  the  lines  in  the  photographed 
spectrum.  But,  after  many  experiments,  it  turned  out  that  the 
spark  might  be  compressed  between  two  plates  of  thick  glass, 
or,  better  yet,  between  two  plates  of  soapstone.  If  the  interval 
between  the  plates  was  directed  toward  the  slit  of  the  spectro- 
scope the  lateral  flickering  of  the  spark  was  prevented,  and  yet  at 
the  same  time  the  spark  was  freely  exposed  to  the  slit  without  the 
intervention  of  glass  or  any  substance  on  which  the  volatilized 
metal  from  the  terminals  could  deposit.  Very  early  in  this  re- 
search it  had  become  apparent  that  PI  ticker's  tubes  could  not  be 
employed  with  electrical  currents  of  more  than  a  certain  intensity, 
partly  on  account  of  the  deposit  that  took  place  in  the  capillary 
portion,  and  partly  because  the  terminals  became  so  hot  as  to 
melt  and  crack  the  glass.  Moreover,  it  was  desirable  to  use  one 
terminal  of  iron,  so  as  to  be  sure  that  the  spectrum  of  the  gas  was 
correctly  adjusted  to  the  solar  spectrum,  and  this  is  impracticable 
with  Pliicker's  tubes.  An  additional  advantage  arises  from  the 
soapstone  plates,  viz :  the  temperature  of  the  small  volume  of  air 
between  the  terminals  is  materially  increased,  and  increased  bright- 
ness results.  I  have  tried  the  effect  of  warming  the  air  by  pass- 
ing it  through  a  coil  of  brass  tube  maintained  at  a  bright  red  heat, 
but  this  does  not  seem  to  make  any  perceptible  difference  when  the 
terminals  are  enclosed  in  the  spark  compressor. 

The  optical  part  of  my  apparatus  has  undergone  many  modiflca- 
tions.  At  first  a  Hofmann  direct-vision  prism  was  combined  with 
a  lens  of  six  inches  focus ;  this  was  soon  after  replaced  by  a 
Browning  direct- vision  prism  and  a  lens  of  eighteen  inches  focus, 
the  latter  being  arranged  for  conjugate  foci,  so  that  it  was  virtu- 
ally as  if  collimating  and  observing  lenses  of  thirty-six  inches 
focus  were  employed.  The  final  system,  perfected  this  winter, 
^consists  of  a  collimator  of  two  inches  aperture  and  twenty-six 
inches  focus,  succeeded  by  two  bisulphide  of  carbon  prisms  of  two 
inches  aperture  and  an  observing  or  photographing  lens  of  six  feet 
six  inches  focal  length.  These  prisms  belong  to  Mr.  Rutherfurd 
and  are  the  same  he  made  for  producing  his  celebrated  solar  pris- 
matic spectrum.  This  gives  a  dispersion  of  about  eight  inches 
between  G  and  H  and  enables  me  to  get  original  negatives  on  a 
scale  about  half  the  size  of  Angstrom's  charts  in  the  Spectre 
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Fig.  1.  Fig.  s. 


Spark  Comfressob.  — 1,  firont  view;  2.  section  in  plane  of  narrow  opening;  aa^  soap- 
etone ;  bb,  terminals ;  c,  aperture  for  introducing  gases ;  d,  narrow  opening  to  spark; 
€,  right-angled  prism;  /,  slit  of  spectroscope. 
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Diagram  of  Photographto  Spectrosgops.— a,  heliostat  mirror;  b,  spark  com- 
pressor; c, right-angled  prism;  d,  slit;  e,  collimator;/,  two  bisulphide  prisms;  y, 
photographic  objective;  A,  camera;  i,  window  shutter. 
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Normal  du  Soleil.  When  it  is  remembered  that  the  light  produced 
by  the  electric  current  in  the  spark  compressor  is  scarcely  equal 
to  one  standard  candle,  it  will  be  realized  that  this  great  disper- 
sion nearly  attains  the  limit  of  present  possibility.  By  compar- 
ison I  have  found,  when  the  electric  arc  from  this  Gramme  vola- 
tilizes iron,  the  light  is  sixty  times  stronger  than  the  most  vivid 
incandescence  of  air  that  I  have  produced. 

The  slit  of  the  spectroscope  is  about  one  inch  long,  and  opposite 
the  lower  half  is  placed  a  right-angled  prism  which  serves  to  bring 
in  a  beam  of  sunlight  from  a  heliostat.  We  thus  have  the  solar 
spectrum  and  the  air  spectrum  upon  the  plate  at  the  same  time,  so 
that  the  two  spectra  on  the  negative  are,  strictly  speaking,  simul- 
taneously produced.  Moreover,  by  the  aid  of  a  magnifier  we  can 
ascertain,  just  previous  to  an  exposure,  whether  the  adjustments 
are  in  the  best  order.  It  is  not  commonly  known  that,  to  obtain 
the  last  degree  of  exactness  in  coincidence  between  a  solar  and  an 
air  spectrum,  many  precautions  are  necessary,  and  that  is  the  rea- 
son it  is  desirable  to  have  iron  vapor  present  at  one  of  the  poles 
so  as  to  determine  the  reliability  of  the  coincidence  by  comparing 
iron  in  the  spark  spectrum  with  iron  in  the  Sun. 

Having  thus  alluded  to  some  of  the  principal  peculiarities  of  the 
apparatus  constructed  for  this  research,  it  is  proper  in  the  next 
place  to  point  out  the  nature  of  the  evidence  afforded  by  the  pho- 
tographs of  the  presence  of  oxygen  in  the  Sun.  The  first  photo- 
graphs were  on  so  small  a  scale  that  they  did  not  even  give  rise  to 
a  suspicion  of  this  fact,  and  it  was  not  until  1876  that  I  felt  suffi- 
ciently sure  to  make  any  publication.  At  this  time  the  original 
negatives  were  about  two  inches  long  from  G  to  H,  and  they  bore 
an  enlargement  of  three  or  four  times  quite  well.  The  Albertype 
printed  in  1877  in  Nature,  the  Comptes  Rendus,  and  the  American 
Journal  of  Science,  was  produced  from  such  an  enlargement. 
Since  that  time,  in  order  to  meet  the  criticism  that  perhaps  the 
dispersion  was  not  sufficient  to  disclose  the  lack  of  coincidence  if 
such  existed,  I  have  increased  the  dispersion  four  times  and  am 
thus  enabled  to  make  enlarged  photographs  on  a  scale  about  twice 
the  size  of  Angstrom's  chart.  Enlargements  of  the  juxtaposed 
spectra  of  air  and  Sun  on  this  scale  are  now  presented  for  inspec- 
tion. 

Of  course  an  enlargement  never  does  justice  to  the  original  from 
which  it  was  produced,  and,  in  order  to  study  the  matter  faithfully. 
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the  negative  must  be  examined  carefully  with  a  magnifier.  Be- 
side this,  owing  partly  to  the  fact  that  the  solar  spectrum  has  suf- 
fered ft'ora  absorptive  influences,  both  in  the  Earth's  atmosphere 
and  in  the  solar  atmosphere,  the  conditions  under  which  the  oxy- 
gen spectrum  is  seen  when  compared  with  the  spark  spectrum  are 
modified.  In  fact,  a  critical  study  of  the  two  spectra  demands 
that  each  line  of  oxygen  should  be  separately  photographed  with 
the  corresponding  region  of  the  Sun's  spectrum,  so  as  to  reproduce 
as  nearly  as  possible  the  same  conditions  for  each.  As  an  in- 
stance of  the  modifications  which  may  be  caused  by  the  solar 
atmosphere,  the  superposition  of  absorption  lines  on  the  bright 
lines  of  oxygen  may  be  mentioned.  If,  as  seems  to  be  the  case, 
the  stratum  giving  the  oxygen  spectrum  in  the  Sun  lies  deeper 
than  the  reversing  layer  in  which  iron  exists,  I  see  no  reason  why 
an  iron  absorption  line,  for  instance,  may  not  fall  upon  an  oxy- 
gen bright  band.  In  support  of  this  supposition  that  oxygen  is 
photospheric,  it  may  be  stated  that,  though  I  have  examined  the 
chromosphere  on  many  occasions,  I  have  not  as  yet  seen  the 
bright  oxygen  lines  project  beyond  the  apparent  limb  of  the  Sun 
as  observed  in  the  spectroscope,  although  several  of  the  chromo- 
sphere lines  catalogued  by  Young  were  readily  visible.  On  con- 
sulting with  Professor  Young,  he  expressed  the  opinion  that  the 
oxygen  groups  near  G  did  not  appear  as  bright  lines  in  the  chro- 
mosphere, even  under  the  exceptionally  favorable  circumstances 
he  enjoyed  at  Sherman.  For  the  purpose  of  continuing  the  study 
of  this  point,  and  also  of  examining  small  areas  on  the  Sufa,  fac- 
ulse,  spots,  etc.,  Alvan  Clark  &  Sons  are  constructing  a  special 
spectroscope  for  me  which  can  give  the  dispersion  of  twenty 
heavy  flint  prisms  and  can  bear  high  magnifying  power. 

If  it  be  conceded  that  there  are  bright  lines  in  the  spectrum  of 
the  solar  disk,  which  seems  to  be  the  opinion  of  several  physicists, 
and  especially  Lockyer,  Comu  and  Hennessy,  the  question  of 
their  origin  naturally  attracts  attention.  It  seems  that  there  is 
great  probability,  from  general  chemical  reasons,  that  a  number  of 
the  non-metals  exist  in  the  Sun.  The  obvious  continuation  of 
this  research  is  in  that  direction.  But  the  subject  is  surrounded 
by  exceedingly  great  obstacles,  arising  principally  from  the  diflH- 
culty  of  matching  the  conditions  as  to  temperature,  pressure,  etc., 
found  in  the  Sun.  Any  one  who  has  studied  nitrogen,  sulphur,  or 
carbon,   and  has  observed  the  manner  in  which  the  spectrum 
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changes  by  variations  of  heat  and  pressure,  will  realize  that  it  is 
well-nigh  impossible  to  hit  upon  the  exact  conditions  under  which 
such  bodies  exist  at  the  level  of  the  photosphere.  The  fact  that 
oxygen,  within  a  certain  range  of  variation,  suffers  less  change 
than  others  of  the  non-metals  has  been  the  secret  of  its  detection 
in  the  Sun.  It  appears  to  have  a  greater  stability  of  constitution, 
though  Schuster  has  shown  that  its  spectrum  may  be  made  to 
vary.  I  have  already  begun  an  extended  series  of  experiments  on 
the  non-metals ;  but  the  results  exhibit  such  confusion  that  their 
bearing  cannot  at  present  be  distinctly  seen.  In  the  case  of  nitro- 
gen the  broad  bands  between  G  and  H  exhibit,  under  the  most 
intense  incandescence,  a  tendency  to  condense  into  narrow  bands 
or  lines,  and  indeed  there  are  some  sharp  lines  of  nitrogen  in  the 
photographs  now  presented. 

It  does  not  follow,  therefore,  that  the  bright  bands  of  oxygen 
are  necessarily  the  brightest  parts  of  the  solar  spectrum.  Other 
substances  may  produce  lines  or  bands  of  greater  brilliancy. 

There  is  also  another  cause  for  the  difference  of  appearance  in  a 
bright-line  spectrum  produced  in  a  laboratory  and  bright  lines  in 
the  Sun.  While  the  edges  of  a  band  in  the  spark  spectrum  may 
be  nebulous  or  shaded  off,  the  corresponding  band  in  the  solar 
spectrum  may  have  its  edges  sharpened  by  the  action  of  adjacent 
dark  lines  due  to  one  or  another  of  the  metallic  substances  in  the 
Sun. 

On  the  whole,  it  does  not  seem  improper  for  me  to  take  the 
ground  that,  having  shown  by  photographs  that  the  bright  lines  of 
the  oxygen  spark  spectrum  all  fall  opposite  bright  portions  of  the 
solar  spectrum,  I  have  established  the  probability  of  the  existence 
of  oxygen  in  the  Sun.  Causes  that  can  modify  in  some  measure 
the  character  of  the  bright  bands  of  the  solar  spectrum  obviously 
exist  in  the  Sun,  and  these,  it  may  be  inferred,  exert  influence 
enough  to  account  for  such  minor  differences  as  may  be  detected. 

In  closing,  it  may  be  well  to  give  some  idea  of  the  amount  of 
labor  and  time  this  research  has  already  consumed,  and  this  can- 
not be  better  done  than  by  a  statement  of  the  production  of  elec- 
trical action  that  has  been  necessary.  Each  photograph  demands 
an  exposure  of  15  minutes,  and,  with  preparation  and  development 
at  least  half  an  hour  is  needed.  The  making  of  a  photograph, 
exclusive  of  intermediate  trials,  requires,therefore,  about  30,000 
10-inch   sparks,  that  is  30,000  revolutions  of  the  bobbin  of  the 
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Gramme  machine.  In  the  last  three  years  the  Gramme  has  made 
20  millions  of  revolutions.  The  petroleum  engine  only  consumes 
a  couple  of  drops  of  oil  at  each  stroke,  and  yet  it  has  used  up 
about  150  gallons.  Each  drop  of  oil  produces  two  or  three  10- 
inch  sparks.  It  must  also  be  borne  in  mind  that  comparison  spec- 
tra can  only  be  made  when  the  Sun  is  shining,  and  clouds  there- 
fore are  a  fertile  source  of  loss  of  time. 


APPENDIX. 

[On  account  of  the  absence  of  Professor  Draper,  the  President  of  the 
AssociatloD,  Professor  Barker,  read  Professor  Draper's  paper  and  also 
extracts  from  the  Astronomical  Register  of  the  discussion  which  took 
place  at  the  Royal  Astronomical  Society  last  June.  As  this  is  the  ex- 
pression of  the  best  English  authorities  upon  the  conclusions  reached  in 
the  memoir,  he  thought  It  would  be  a  matter  of  general  interest  to  mem- 
bers of  the  Association.] 

**  After  the  reading  of  the  paper.  Dr.  Draper  showed  some  exquisitely 
sharp  negatives  of  the  solar  and  oxygen  spectra,  which  he  had  obtained, 
and  handed  round  some  paper  enlargements,  some  two  feet  long,  for  In- 
spection by  the  meeting. 

**  Mr.  Ranyard :  After  the  reception  that  has  been  given  to  Dr.  Draper, 
I  do  not  think  I  need  say  anything  about  the  Importance  of  the  research 
he  has  undertaken.  When  a  couple  of  years  ago  he  sent  over  copies 
f^om  his  former  photographs  on  a  much  smaller  scale,  I  then  ventured  to 
say  that  I  thought  the  probability  of  the  proposition  w^hlch  he  laid  down 
was  very  great  Indeed,  an^ountlng  to  some  thousands  to  one,  and  I 
should  like  now  to  point  out  how  enormously  the  probability  has  been 
Increased  by  these  more  recent  experiments.  If  Dr.  Draper  has  Increased 
his  dispersion  four  times  he  has  not  merely  Increased  the  probability  of 
his  case  four  times,  but  he  has  Increased  the  value  of  every  coincidence 
he  shows  four  times.  On  looking  at  the  original  photographs  (which 
show  the  coincidences  more  sharply  than  the  paper  prints)  I  counted 
eighteen  oxygen  lines,  and,  therefore,  the  increase  of  probabllty  on  the 
present  occasion,  as  compared  with  the  former  occasion,  Is  as  four  to 
the  power  of  eighteen  to  one,  a  very  enormous  number.  There  are  two 
or  three  ways  of  looking  at  the  probability  of  the  proposition  which  Dr. 
Draper  has  laid  down,  that  the  bright  lines  of  oxygen  coincide  with  the 
bright  lines  In  the  solar  spectrum.  In  the  first  place,  there  Is  the  chance 
that  the  centre  of  no  single  line  of  oxygen  should  fall  opposite  to  a  dark 
line  or  space  in  the  solar  spectrum.  If  a  line  were  thrown  at  random 
beside  the  solar  spectrum  the  chance  that  it  should  fall  opposite  to  a 
bright  part  of  the  solar  spectrum  would  be  as  the  total  breadth  of  the 
bright  part  of  the  solar  spectrum  to  the  total  breadth  of  the  dark  part  of 
the  solar  spectrum.    Let  us  suppose  that  the  breadth  occupied  by  dark 
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lines  in  the  solar  spectrnm  is  equal  to  the  breadth  occupied  by  bright  lines 
(probably  as  seen  with  high  dispersion  this  is  well  within  the  truth)  then 
the  chance  of  any  oxygen  line  falling  opposite  to  a  bright  line  or  inter- 
space in  the  solar  spectrum  would  be  one-half,  and  if  the  eighteen  lines 
of  oxygen  had  been  thrown  down  at  random  beside  the  solar  spectrum, 
the  chance  that  the  centre  of  all  the  lines  should  fall  opposite  to  bright 
spaces  would  be  one  divided  by  two  to  the  power  of  eighteen.  In  addi- 
tion to  this  we  must  take  into  account  the  chances  of  the  centres  of  the 
bright  lines  appearing  to  coincide  with  the  centres  of  the  bright  inter- 
spaces where  they  do  coincide,  for  in  some  instances  the  interspaces  are 
double  the  breadth  of  the  corresponding  oxygen  line,  the  oxygen  line 
being  on  one  side  and  coinciding  with  one  edge  of  the  interspace ;  but 
this  is  accounted  for  by  the  fact  that  there  are  probably  other  bright  lines 
in  the  solar  spectrum  besides  oxygen  lines,  and  two  such  bright  lines 
happen,  in  some  instances  to  fall  together.  Then,  also,  it  must  be  re- 
membered that  the  light  of  the  bright  lines  of  the  solar  spectrum  has 
suffered  absorption  in  the  solar  atmosphere,  and  in  the  earth's  atmos- 
phere, so  that  they  may  be  modified  by  the  superposition  of  absorption 
lines.  The  observations  of  the  bright  lines  seen  at  the  limb  of  the  Sun 
renders  it  probable  that  the  layer  of  the  solar  atmosphere,  which  gives 
rise  to  the  dark  lines,  lies  above  the  layer  from  which  we  receive  the  light 
of  the  bright  oxygen  spectrum,  for  no  bright  oxygen  lines  are  seen  in  the 
chromosphere.  So  that  it  is  possible  to  conceive  that  the  oxygen  lines  of 
the  solar  spectrum  may  be  modified  as  we  observe  them  by  the  superpo- 
sition of  dark  lines,  and  this  appears  in  one  or  two  instances  to  have 
been  the  case ;  but  the  character  of  the  bright  interspaces  is  very  little 
changed.  If,  after  examining  the  photographs,  anybody  has  still  any 
doubts  as  to  the  case  made  out  by  Dr.  Draper,  I  think  that  he  will  feel 
obliged  to  them  if  they  will  state  their  objections,  and  give  him  an  op- 
portunity of  discussing  them. 

*'Mr.  Christie :  I  do  not  feel  exactly  competent  to  enter  on  this  question 
very  deeply,  but  Dr.  Draper  has  very  kindly  given  me  an  opportunity  of 
examining  his  very  beautiful  photographs,  and  I  cannot  help  expressing 
my  great  admiration  at  the  splendid  results  he  has  achieved.  He  has  ob- 
tained photographs  of  the  spectrum  of  oxygen  which,  as  far  as  my  rather 
limited  acquaintance  with  the  subject  goes,  are  far  superior  to  anything 
else  of  the  kind ;  but  that  is  quite  another  question  from  proving  the  ex- 
istence of  oxygen  in  the  Sun.  I  am  aflraid  that  is  a  very  diflicult  question 
he  has  undertaken.  If  he  could  prove  it,  I  think  these  photographs 
would  go  a  very  long  way.  I  do  not  see  myself,  that  there  is,  as  he  has 
expressed  it,  very  much  more  to  be  done  in  the  matter.  But  I  am  sorry 
to  say  it  seems  to  open  up  to  me  rather  a  hopeless  prospect,  because  we 
are  brought  face  to  face  with  a  great  difficulty.  Dr.  Draper  was  very  kind 
in  explaining  to  me  his  views,  and  he  did  not  at  all  shirk  the  difficulties 
of  the  case.  I  hope  I  may  be  justified  in  alluding  to  them,  simply  for  the 
sake  of  getting  at  the  truth.  According  to  Dr.  Draper's  supposition,  the 
solar  spectrum  is  made  up  of  a  continuous  spectrum  with  dark  absorption 
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lines,  and  also  bright  lines  superposed  upon  it.  Now,  the  ordinary  spec- 
trum, which  up  to  the  present  time  we  have  supposed  that  we  had  to  deal 
with,  was  a  continuous  spectrum  with  dark  lines,  but  when  you  superpose 
on  this  bright  lines,  so  faint  that  you  cannot  distinguish  their  brightness 
ftrom  the  general  background  of  the  spectrum,  it  is  evident  that  the  prob- 
lem becomes  more  complicated.  I  do  not  want  to  express  any  opinion 
one  way  or  the  other.  I  am  in  the  position  of  a  sceptic ;  it  may  be  an 
unfortunate  position,  but  I  think  it  is  truly  a  scientific  position.  Now, 
taking  the  position  of  a  sceptic,  one  has  to  examine  these  photographs 
and  look  to  whether  Dr.  Draper  has  shown  the  coincidences  as  Mr.  Ran- 
yard  asserts;  if  not,  his  probabilities  fall  to  the  ground.  In  more  than 
one  instance  I  ^nd  an  oxygen  line  opposite  a  broader  bright  space  in  the 
solar  spectrum,  which  appears  of  identically  the  same  brightness  in  its 
whole  breadth.  If  the  broader  space  consists  of  two  or  more  bright 
lines,  as  has  been  suggested,  we  have  two  difficulties  to  contend  with ;  in 
the  first  place  we  have  to  show  that  there  are  other  substances  which 
would  give  lines  corresponding  to  the  unoccupied  breadth  of  the  Inter- 
space, and  in  the  second  place  we  have  the  fact  that  these  lines  are  undis- 
tinguishable  in  brightness  from  the  oxygen  lines.  Again,  each  of  the  ox- 
ygen Hues  is  fuzzy  at  the  edges,  and  as  there  is  nothing  analagous  in  the 
solar  spectrum,  we  have  to  suppose  that  the  ftizzy  edges  are  cut  olT  by 
a4Jacent  dark  lines.  Now,  if  we  are  to  make  use  of  probabilities,  I 
would  ask  what  is  the  probability  of  a  pair  of  dark  lines  falling  in  every 
case  exactly  at  the  edges  of  an  oxygen  line  ?  We  must  also  take  into  ac- 
count the  fact  that  former  physicists  have  failed  to  identify  any  of  the 
bright  lines  of  oxygen  with  dark  lines  In  the  solar  spectrum,  and  there- 
fore we  start  with  the  fact  that  none  of  the  oxygen  lines  can  fall  opposite 
to  dark  lines. 

"  Mr.  Proctor  said :  There  are  one  or  two  points  I  should  like  to  men- 
tion. I  do  not  think  that  Mr.  Christie  has  sufficiently  taken  into  account 
the  importance  of  the  fact  that  all  the  oxygen  lines  fall  entirely  opposite 
to  bright  interspaces  in  the  solar  spectrum,  and  that  none  of  them  even 
partially  overlap  dark  lines.  With  regard  to  the  general  character  of  the 
solar  spectrum,  I  would  like  to  ask  those  who  have  more  especially  stud- 
ied the  subject,  whether  it  does  not  seem  probable  from  antecedent  con- 
siderations that  the  solar  spectrum  should  be  purely  gaseous  in  its  char- 
acter, that  is  to  say,  that  there  should  be  bright  and  dark  lines,  but  no 
continuous  background  of  spectrum.  Perhaps  some  of  you  have  consid- 
ered the  bearing  of  Mr.  CroU's  researches  on  this  matter.  He  considers 
that  the  earth  affords  evidence  that  the  solar  system  has  been  In  existence 
for  more  than  20,000,000  of  years,  whereas,  if  the  Sun  has  been  giving 
out  energy  as  at  present  for  20,000,000  years,  we  know  that  it  cannot  have 
derived  it  from  shrinking  from  even  an  infinite  volume  to  a  globe  as  large 
as  the  photosphere.  I  am  not  inclined  to  agree  with  him  in  his  explanation 
that  the  solar  energy  may  In  part  have  been  derived  from  the  impact  of 
stars,  but  rather  think  that  it  points  to  the  fact  that  the  real  mass  of  the 
Sun  lies  very  much  within  the  photosphere,  and  that  if  there  Is  any  solid 
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or  liquid  nnclens,  It  is  only  at  a  depth  of  many  thousands  of  miles  below 
the  photosphere.  If  that  is  the  case,  I  would  ask  whether  it  is  antece- 
dently probable  that  there  should  be  any  continuous  background  in  the 
solar  spectrum.  If  the  photosphere  is  purely  gaseous,  we  should  only 
have  bright  bands  interfered  with  and  modified  by  absorption  lines. 

**  Dr.  Gladstone :  I  have  listened  with  the  greatest  attention  to  Dr. 
Draper.  When  the  photographs  first  capie  over  I  was  not  convinced,  but 
certainly  he  has  produced  results,  which,  as  Mr.  Banyard  has  shown,  have 
largely  increased  the  evidence  of  their  being  real  coincidences  between 
the  oxygen  lines  and  bright  spaces  in  the  solar  spectrum.  There  seems 
to  be  still  a  great  question  as  to  whether  the  solar  spectrum  is  made  up 
only  of  bright  and  dark  lines,  or  whether  there  is  a  background  of  con- 
tinuous spectrum.  I  am  not  disposed  to  give  up  the  Idea  that  we  have  a 
continuous  spectrum  underlying  these  dark  lines,  but  think  that  it  is  cer- 
tain that  we  have  also  bright  lines  mixed  with  the  dark.  We  know  that 
when  we  look  at  the  edge  of  the  Sun  there  are  bright  lines  corresponding 
to  hydrogen,  and  some  other  elements  to  be  seen,  but  there  are  no  oxygen 
lines.  Now,  I  would  suggest  that  this  shows  that  the  oxygen  never  rises 
to  the  level  of  the  chromosphere,  so  as  to  be  seen  at  the  limb  of  the  Sun, 
and  probably  that  is  Just  the  reason  why  we  see  Its  lines  as  bright  lines 
and  not  as  dark  lines,  for  It  never  gets  up  to  a  level  where  it  Is  sufficiently 
cool  to  form  dark  lines.  We  can  easily  understand  that,  with  so  much 
iron  and  magnesium  vapor,  all  the  oxygen  as  It  rushes  upward  to  the 
higher  levels  may  enter  into  combination  and  fall  in  a  rain  of  oxides. 

**  Dr.  Huggins  said  that  he  had  examined  Dr.  Draper*s  photographs, 
and  was  overwhelmed  with  a  sense  of  the  large  amount  of  conscientious 
labor  and  care  which  he  had  evidently  bestowed  upon  the  Investigation. 
Dr.  Draper  had  made  out  &prim^  facie  case,  which  entitled  him  to  demand 
a  careful  examination  of  the  evidence  he  had  brought  forward ;  but  for  his 
own  part  he  should  like  to  suspend  his  Judgment  until  he  had  had  an 
opportunity  to  reexamine  -  that  part  of  the  spectrum.  He  preferred  to 
wait  for  a  little  light,  a  little  sunlight,  on  the  subject,  but  he  wished  now 
to  state  how  thoroughly  Impressed  he  was  with  the  cautious  and  careftil 
experimental  arrangements  which  Dr.  Draper  had  adopted. 

**  Capt.  Noble :  It  seems  to  me,  looking  at  the  photographs  impartially, 
that  if  we  are  to  deny  the  evidence  supplied  by  some  of  the  coinci- 
dences, and  notably  by  this  group  of  four  lines,  and  accept  Mr.  Chrlstle*s 
dicta,  we  literally  should  have  no  tangible  evidence  as  to  the  existence  of 
any  element  in  the  Sun  at  all. 

•*  Mr.  Ranyard :  I  should  like  to  refer  to  one  or  two  objections  raised  by 
Mr.  Christie.  I  understood  him  to  urge  as  an  objection  that  there  are  a 
great  many  bright  spaces  which  have  not  been  matched  with  the  bright 
lines  of  non-metallic  elements.  But  I  would  remind  him  that  there  are 
also  many  dark  lines  which  have  not  been  matched  with  the  lines  of 
known  elements.  Perhaps  they  will  never  be  matched,  for  the  conditions 
in  the  Sun  may  not  correspond  to  the  conditions  obtainable  in  our  labor- 
atories.   With  regard  to  the   bright  lines  falling  opposite   interspaces 
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which  are  broader  than  the  bright  lines  of  oxygen,  the  probability  is  as 
Mr.  Christie  states,  very  great  against  there  being  two  adjacent  bright 
lines  of  exactly  equal  brightness,  but  it  must  be  remembered  that  we  are 
not  examining  the  bright  lines  themselves,  but  only  photographs  of  the 
lines,  and  that  the  bright  parts  of  these  photographs  are  what  would  be 
called  by  photographers  over-exposed,  and,  consequently,  the  gradations 
of  brightness  are  very  much  obliterated.  Again,  I  understood  Mr. 
Christie  to  say  that  If,  instead  of  matching  oxygen  lines  with  interspaces, 
you  began  the  other  way,  you  ought  to  find  the  brightest  lines  of  the 
spectrum  matching  the  oxygen  lines,  but  this  involves  the  assumption  that 
oxygen  gives  brighter  lines  than  any  other  element  in  the  Sun.  But  I 
would  ask  what  reason  we  have  for  assuming  that  oxygen  gives  brighter 
lines  than  any  other  element?  With  regard  to  the  probability  of  there 
being  a  continuous  background  of  brightness  in  the  solar  spectrum,  it 
should  be  remembered  that  there  are  theoretical  considerations  which 
render  it  probable  that  there  Is  always  a  continuous  background  more 
or  less  faint  between  the  bright  lines  in  the  spectrum  of  a  gas  —  when  the 
pressure  is  considerable  the  brightness  of  the  continuous  part  of  the 
spectrum  is  conspicuous ;  but  theoretically  there  will  always  be  a  contin- 
uous spectrum  corresponding  to  the  short  interval  of  time  after  the  im- 
pact of  molecules  during  which  the  Jar  of  the  collision  lasts.  In  the  free 
path  between  the  impacts  they  give  out  the  characteristic  wave  lengths, 
but  however  rare  the  gas  I  suppose  there  will  always  be  some  continuous 
spectrum  corresponding  to  the  impacts,  and  with  the  spectra  of  a  great 
many  gaseous  elements  superposed  the  continuous  spectrum  may  be  con- 
spicuous. We  need  not,  therefore,  assume  If  we  should  find  evidence  of 
such  a  continuous  spectrum  that  there  is  any  solid  or  liquid  matter  in  the 
photosphere;  and  if  it  should  turn  out  that  there  are  no  oxygen  lines 
above  the  photosphere,  it  will  not,  I  think,  follow  that  there  is  no  oxygen 
there,  for  there  seems  to  be  evidence  that  the  spectrum  of  some  of  the 
elements  changes  materially  at  different  altitudes,  for  example,  the  1474 
line  is  the  brightest  of  the  lines  In  the  corona,  but  it  is  a  very  faint  line 
at  the  level  of  the  reversing  layer,  and  D3  Is  a  very  bright  line  In  the  lower 
chromosphere,  but  there  is  no  dark  line  corresponding  to  It. 

**  Mr.  Christie:  I  should  not  have  risen  except  that  reference  had  been 
made  to  my  remarks.  I  do  not  know  that  I  should  say  very  much,  but  I 
think  I  may  remark  with  reference  to  this  question  of  coincidence,  that 
everything  turns  upon  the  exactness  of  the  coincidence,  and  whether 
these  are  actually  coincidences  or  not.  I  am  not  quite  prepared  to  admit 
that  these  coincidences  are  perfect;  In  fact,  I  should  say  there  are  even 
coincidences  of  dark  lines  with  some  of  the  oxygen  lines.  I  admit  that 
it  is  a  matter  of  judgment,  and  I  should  be  sorry  to  say  positively  that 
there  are  such  coincidences  with  dark  lines.  But  there  is  considerable 
uncertainty  in  the  matter.  As  Dr.  Draper  has  explained  there  is  a  great 
difficulty  in  establishing  coincidences,  and  you  have  to  adjust  your  appa- 
ratus until  you  match  coincidences  by  the  known  lines  of  iron.  It  seems 
some  of  these  do  not  coincide  exactly  with  the  dark  lines  in  the  sun.    I 
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only  alladed  to  that  as  being  one  of  the  difflcnltles  we  have  to  contend 
with.  With  regard  to  Mr.  Ranyard's  remarks  as  to  the  eye  perceiving 
differences  of  brightness  which  the  photographs  do  not  show,  I  would 
merely  wish  to  ask  whether  he  has  examined  with  his  eye  different  parts 
of  the  spectrum,  for  there  Is  a  certain  part  in  tlie  neighborhood  of  the 
G  lines  which  I  have  examined  and  find  the  photograph  gives  exactly  the 
same  appearance  as  Is  seen  with  the  eye,  1.  e.,  the  whole  space  Is  of  eqnal 
intensity.  I  do  not  think  there  Is  much  difference  between  the  photograph 
and  the  spectrum  as  seen  with  the  eye.  The  only  object  of  my  remarks 
was  to  clear  the  ground  and  to  point  out  what  It  Is  we  are  assuming  when 
we  predicate  the  existence  of  oxygen  as  giving  bright  lines  In  the  sun.  I 
do  not  dispute  it,  but  only  point  out  the  difficulties  we  must  face  in  order 
that  they  may  be  fairly  met. 

•*  Mr.  J.  Rand  Capron:  There  is  one  question  I  should  like  to  ask  Dr. 
Draper,  a&d  that  Is,  whether  he  had  tried  any  experiments  with  the  tube 
spectrum  of  oxygen  ? 

•*  Dr.  Draper:  A  great  many. 

«•  Mr.  J.  Rand  Capron :  The  spark  taken  In  air  would  probably  hardly 
agree  with  the  spectrum  of  ox>gen  near  the  sun's  body.  I  have  had  oc- 
casion to  photograph  simultaneously  the  tube  spectrum  of  hydrogen  and 
the  air  spark  spectrum  at  ordinary  pressures.  The  tube  spectrum  of  hy- 
drogen showed  four  hydrogen  lines  perfect  throughout,  but  only  one  of 
these  lines  was  represented  in  the  spectrum  of  air  at  ordinary  pressure, 
80  that  It  Is  possible  certain  oxygen  lines  present  in  the  sun  may  be  ab- 
sent in  the  spark  spectrum. 

'*  Dr.  Draper :  I  have  taken  the  oxygen  spectrum  under  a  great  many 
different  circumstances.  I  began  with  tubes  containing  oxygen  and  com- 
pounds of  oxygen,  but  the  difficulty  Is  that  you  are  limited  to  rather  small 
dispersion,  because  yon  cannot  get  brightness  enough  for  a  larger  appa- 
ratus. Then  the  difficulty  of  having  iron  terminals  so  as  to  show  a  good 
coincidence  is  a  serious  one.  So  when  I  made  the  spark-compressor  I 
arranged  a  contrivance  at  the  back  which  would  enable  me  to  let  in  oxy- 
gen and  the  other  gases  between  the  terminals,  and  after  various  experi- 
ments with  oxygen  I  find  that  It  seems  to  suffer  less  change  with  altered 
conditions  than  a  great  many  of  the  othef  elements  I  have  experimented 
on.  I  have  clearly  shown  that  the  bright  UueS  coincide  with  bright  spaces 
in  the  solar  spectrum.  The  minor  differences  may  be  fairly  attributed 
to  such  changes  of  condition  as  Mr.  Rand  Capron  has  referred  to.  With 
regard  to  Dr.  Gladstone*s  remark,  which  was  that  probably  we  should  not 
find  in  the  chromosphere  the  lines  of  the  oxygen  spectrum ;  that  is  pre- 
cisely what  I  hope  will  be  the  case,  although  I  am  going  to  look  as  hard 
as  I  can  for  them.  I  should  like  to  see  them  If  they  are  there,  but  I  shall 
be  better  satisfied  if  they  are  not. 

••  A  cordial  vote  of  thankB  was  then  passed  to  Dr.  Draper." 

[The  photographs  of  the  oxygen  spectrum  with  juxtaposed  solar  spec- 
trum, were  also  presented  to  the  French  Academy  of  Sciences  in  Paris, 
at  the  meeting  of  June  23,  1879,  by  M.  A.  Comu.    M.  Faye  made  the 
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following  remarks,  which  Professor  Barker  translated  from  the  Coraptes 
Rendas.] 

**  I  cannot  refrain  from  adding  some  words  to  the  brilliant  communica- 
tion that  the  Academy  has  jast  heard.  Everything  leads  us  to  believe 
that  the  constitution  of  the  photosphere  and  Its  marvellous  alimentation, 
are  due  to  alternate  phenomena  of  chemical  combination  and  dissociation 
operating  at  divers  temperatures  in  tlie  mass  of  the  Sun  under  the  influ- 
ence of  ascending  and  descending  vertical  movements.  Such  at  least  is  the 
idea  I  have  arrived  at,  by  the  study  of  spots,  of  the  problem  which  I  think 
I  have  presented  In  all  its  fulness.  Naturally,  the  richness  In  oxygen  of 
the  compounds  which  constitute  the  earth's  crust,  though  the  proportion 
diminishes  little  by  little  as  we  descend,  ought  to  cause  us  to  believe  that 
this  same  element  should  play  an  analogous  part  In  the  Sun ;  but  It  is 
a  remarkable  thing  that  up  to  the  present,  spectrum  analysis  has  not  given 
any  trace  of  It.  On  the  other  hand,  It  showed  that  round  that  star  there 
was  a  vast  atmosphere  of  hydrogen  almost  pure  and  very  much  rarefied, 
of  which  certain  portions,  frequently  drawn  downward  by  mechanical  ac- 
tion of  solar  whirlwinds,  gave  origin,  in  ascending  again,  to  the  phenom- 
ena of  the  protuberances. 

Mr.  H.  Draper  has,  however,  succeeded  in  discovering  the  oxygen,  not 
In  the  chromosphere,  but  In  the  photosphere,  where  it  discloses  itself  by 
bright  lines.  It  is  obvious  that  If  this  gas  is  dissociated  at  a  depth,  It  is 
Immediately  taken  up  by  multiple  combinations  In  the  region  and  at  the 
temperature  of  the  brilliant  surface.  I  see  In  these  facts  the  hope  of  a 
confirmation  and  above  all  ot  an  extension  of  the  views  I  have  put  forth 
on  the*  constitution  of  the  Sun ;  but  whatever  may  be  the  fate  that  the 
progress  of  spectrum  analysis  reserves  to  them,  I  express  here  my  admi- 
ration for  the  discovery  of  Mr.  Draper,  and  I  hope  that  his  results,  so 
well  confirmed  by  the  photographic  proofs  that  our  learned  member  M. 
Cornu  has  shown  to  the  Academy,  will  not  delay  in  being  universally  ac- 
cepted by  competent  judges." 


On  the  Color  Correction  of  Achromatic  Telescopes.     By 
Wm.  Harkness,  of  Washington,  D.  C. 

Althodgh  much  has  been  written  on  the  theory  of  the  achro- 
matic telescope,  I  am  not  aware  that  any  attempt  has  hitherto 
been  made  to  treat  the  color  correction*  rigorously  as  a  function 
of  the  wave  length  of  the  light,  and,  on  that  account  much  ob- 
scunty,  and  some  positive  error,  has  crept  into  the  text  books 
on  the  subject. 
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The  theory  given  in  the  following  pages  is  based  upon  funda- 
mental equations  which  neglect  the  thickness  of  the  lenses,  as 
has  always  been  done  heretofore,  and  which  suflSce  to  give  the 
refractive  indexes  to  scarcely  more  than  four  places  of  decimals. 
All  the  subsequent  operations  upon  these  equations  are  rigorously 
accurate ;  and  it  would  have  been  useless  to  attempt  greater  pre- 
.  cision  in  the  refractive  indexes,  while  the  thickness  of  the  lenses 
is  neglected.  As  achromatic  telescopic  objectives  are  usually 
composed  of  two  lenses,  rarely  of  three,  and  hardly  ever  of  a 
greater  number,  it  has  been  thought  sufficient  to  write  the  equa- 
tions in  the  form  applicable  to  triple  objectives,  but  no  difficulty 
will  be  experienced  in  extending  them  to  a  greater  number  of 
lenses,  when  necessary. 

Our  fundamental  equations  are 

i=(M-i)}i+i|  (1) 

pL=za  +  br^'\'Cr^  (2) 

in  which 

/=  the  principal  focal  distance  of  any  lens. 

fi  =  the  refractive  index  of  the  lens. 

r  =  the  radius  of  curvature  of  the  first  surface  of  the  lens. 

p  =z  the  radius  of  curvature  of  .the  second  surface  of  the  lens. 

X  =z  the  wave  length  of  the  light. 

ajbyC=z  certain  coefficients,  determined  from  not  less  than  three 

properly  situated  values  of  /x. 
Equation  (2)  is  Cauchy's  dis'^rsion  formula.     Now  put 

and  suppose  a  series  of  lenses,  such  that 

l=(/.,-l)A,;l=(,.,-l)A,;  i  =  (/.3-l)A3      (4) 

These  lenses  being  very  thin,  let  them  be  placed  in  contact  with 
each  other;  and  let  the  equivalent  focal  distance  of  the  whole 
combination  be  /.    Then,  by  a  well  known  optical  theorem, 

i=(;«i-l)A,+  (//,-l)A,+  (/.,-l)A,      .     (5) 
A.  A.  A.  s.,  VOL.  xxvm.  '    7 
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Substituting  the  values  of  /£i,  fi^^  fi^^  from  equation  (2),  putting 

D  =  AA  +  AA  +  A368  I  (6) 

EzzAA  +  AjA  +  AgCa  J 

and  arranging  the  terms  according  to  the  powers  of  y^  we  have 

This  equation  expresses  the  relation  between  the  focal  distance 
of  the  combination  and  the  wave  length  of  the  light.  It  shows 
that  when  white  light  enters  an  objective  there  will  generally  be 
an  infinite  number  of  foci,  situated  one  behind  the  other,  and  all 
contained  between  the  two  values  of  /  which  correspond  to  the 
limiting  values  of  y.  For  our  purpose,  however,  it  will  be  more 
convenient  to  consider  /  as  the  ordinate^  and  y  as  the  abscissa,  of 
a  curve  which  we  will  designate  as  the  focal  curve.  To  investigate 
its  properties,  we  differentiate  with  respect  to  /  and  y^  and  obtain 

^  =  -2r/3(D  +  2Er«)  (8) 

Putting  the  left  hand  member  of  this  expression  equal  to  zero, 
we  find  • 

Differentiating  (8)  a  second  time 

^  =  2Py^  (2D  +  my^Y  -p  (2D  +  12Era)  (10) 

Substituting  the  value  of  y^  from  (9),  this  becomes 

-f/  =  4D/a  (11) 

which  shows  that,  so  long  as  D  remains  positive,  the  curve  is 
convex  toward  the  objective,  and  the  value  of  y  given  by  equation 
(9)  coiTesponds  to  the  minimum  focal  distance. 

An  achromatic  objective,  or  more  accurately  and  with  greater 
generality,  a  corrected  objective,  is  one  in  which  all  rays  of  the 
kind  for  which  the  correction  is  made  are  brought  to  as  nearly  as 
possible  the  same  focus.  For  example :  if  an  objective  is  corrected 
for  visual  purposes,  then  the  rays  which  produce  the  greatest 
effect  upon  the  human  eye  must  all  be  brought  as  nearly  as 
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possible  to  the  same  focas ;  or,  if  the  objective  is  corrected  for 
photographic  purposes,  then  the  rays  which  act  most  energetically 
upon  silver  bromo-iodide  must  all  be  brought  as  nearly  as  possible 
to  the  same  focus.  This  condition  will  evidently  be  fulfilled  when 
the  rays  in  question  have  the  minimum  focal  distance ;  or  in  other 
words,  when  they  satisfy  equation  (9).  Thus  it  appears  that  this 
equation  determines  the  correction  of  the  objective,  and  for  that 
reason  it  will  be  called  the  achromatic  equation,  and  the  particular 
value  of  y  which  satisfies  it  will  be  designated  as  ^o* 

To  find  the  relative  values  of  Ai,  A,,  Aj,  in  a  corrected  objective, 
we  substitute  in  (9)  the  values  of  D  and  E  from  (6).  The  result- 
ing expression  for  the  middle  lens  is 

which  shows  that  one  of  the  lenses  must  be  of  the  opposite  kind 
from  the  other  two, — that  is,  two  may  be  convex,  and  one 
concave ;  or  tnc6  versa. 

To  find  the  equivalent  focal  distance  of ^  the  whole  combination 
for  the  ray  ^,  (9)  gives 

Dz=-^2E/'o«  (13) 

Substituting  this  in  (7) 

Replacing  C  and  E  by  their  values  from  (6) 

Substituting  the  value  of  A^  firom  (12),  and  putting  . 

L=(ai-l)(6a-2c^o^)-(«^l)(&i+2ciro^)+ron6iC^Vi)  [(1^)  . 
M=  (a,-l)(6,+2c^o«)~(a^l)(63+2(^o«)+ron&sC,-^,C3)  J 
we  obtain  finally 

The  ordinate  of  the  focal  curve  for  the  ray  ^i,  is  the  difference 
between  the  focal  lengths  of  the  objective  for  the  rays  ^  &nd  Ix* 
To  find  it  we  have 

^~(C+Dro«+%o^)-(C+Dn^+Erx^)=D(ro«-rx«)+E(r^^^^^ 


Digitized  by  VjOOQ IC 


100 

COLOB  OOBRECnON; 

But 

1           l_/i-/o 

JL9UU 

/o        A            /o/i 

and  putting  /i — f^  = 

:  J/i,  this  becomes 

^/:=/./.     ,;-!{ 

(19) 


(20) 

Substituting  for  the  quantity  within  the  brackets  its  value  from 
(18)  ;  and  replacing  D  and  E  by  their  equivalents  from  (6) 

4/i=/o/il  (Ai^x+A^d-Asfea)  W-ri^)+(AA+A2(VhA8Cs)  W-n^)  K^l ) 

Substituting  the  values  of  Aj  and  Ag  -^  Ai  from  (12)  and  (16), 
and  putting 

P=68Cs  — fejCa  (22) 

we  obtain  the  important  expression 

^/i  =  A./„/,  (r.«  -  n")'  -sf?^  (23) 

If  a  star  is  viewed  through  a  carefriUy  focused  achromatic  tele- 
scope, and  if  the  surface  in  the  focus  of  the  eye-piece  is  designated 
as  the  focal  plane :  then,  of  the  infinite  number  of  images  which 
equation  (7)  shows  will  be  formed,  some  will  be  situated  before, 
and  some  behind  the  focal  plane,  but  only  one  will  coincide  ex- 
actly with  it.  The  cones  of  rays  which  form  the  images  situated 
before  and  behind  the  focal  plane  will  necessarily  have  a  sensible 
diameter  at  their  intersection  with  that  plane,  and  their  combined 
effect  will  be  to  produce  a  fringe  of  colored  light  around  the  image 
of  the  star,  as  seen  through  the  eye-piece.  This  fringe  is  the 
secondary  spectrum,  and  its  magnitude,  for  light  of  any  given 
wave  length,  will  evidently  depend  upon  the  value  of  J/i.  Hence, 
to  destroy  the  secondary  spectrum,  J/i  must  be  made  equal  to 
zero.  Equation  (23)  shows  that  this  will  be  the  case  for  a  triple 
objective  when 

N  +  nP  =  0  (24) 

or  for  a  double  objective  when 

N  =  0  (25) 

As  yet  no  materials  have  been  discovered  whose  physical 
properties  are  such  as  to  satisfy  these  conditions.  We  therefore 
proceed  to  investigate  what  form  an  objective  constructed  of  any 
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given  materials  most  have  in  order  to  render  the  secondary  spec- 
trum a  minimum. 
Substituting  in  (23)  the  value  of  A^  from  (17),  we  find 

^/.=/iW-r.«)''[?^  (26) 

In  the  right  hand  member  of  this  equation,  n  is  the  only  quantity 
which  depends  upon  the  form  of  the  objective.  Considering  it  as 
variable,  and  differentiating,  we  obtain 

tf(Vi)  _  /•  /y  9         V  «^2   PL  — MX  /o7\ 

—a^—flW  —  n)     (L  +  nM)«  V^^> 

To  make  J/^  a  minimum,  such  a  value  must  be  attributed  to  n 
as  will  reduce  the  right  hand  member  of  (27)  to  zero.  This  con- 
dition gives  at  once,  n  =  %  ;  which  will  be  the  case  when  r  and  p 
are  both  infinite ;  as  is  evident  from  equations  (16)  and  (3).  The 
objective  is  then  reduced  to  two  lenses,  and  a  piece  of  very  thin 
piano-parallel  glass.  As  the  latter  cannot  appreciably  afiect  the 
color  correction,  it  may  be  dismissed  from  further  consideration ; 
and  thus  it  appears  that  f^om  any  three  pieces  of  glass  suitable 
for  making  an  objective,  but  not  fulfilling  the  conditions  necessary 
for  the  complete  destruction  of  the  secondary  spectrum,  it  will 
always  be  possible  to  select  two  pieces  from  which  a  double 
objective  can  be  made  that  will  be  superior  to  any  triple  objective 
made  from  all  three  of  the  pieces. 

The  focal  curve  being  tangent  to  the  focal  plane  at  the  point 
corresponding  to  the  wave  length  ^ ;  if  we  assume  the  spherical 
aberration  to  be  perfectly  corrected  for 'light  of  all  degrees  of 
refrangibility,  then  the  image  of  a  star  formed  upon  the  focal 
plane  by  light  of  wave  length  ^  will  be  a  point,  and  the  linear 
semi-diameter  of  the  image  of  the  same  star  formed  by  light  of 
wave  length  X^  will  be  the  semi-diameter  of  the  cone  of  rays  of 
that  wave  length  at  the  point  where  it  cuts  the  focal  plane. 
Therefore  we  have 

/,:a::J/i:5o"  (28) 

in  which  a  is  the  semi-aperture  of  the  objective,  and  s^  is 
the  required  semi-diameter  of  the  cone  of  rays  of  wave  length  Xi. 
Combining  (28)  with  (26),  we  find 

V^  =  a(ro«-riT-r$^  (29) 


Digitized  by  VjOOQ IC 


102  COLOR  corbection; 

This  is  the  expression  for  a  triple  objective.  In  the  case  of  a 
double  one,  n  becomes  zero,  and  (29)  reduces  to 

which  shows  that  in  a  double  objective  properly  corrected  for  any 
given  purpose,  the  linear  semi-diameter  of  the  secondary  spectrum 
is  absolutely  independent,  both  of  the  focal  length  of  the  combina- 
tion, and  of  the  curves  of  its  lenses ;  and  depends  solely  upon  the 
aperture  of  the  combination,  and  the  physical  properties  of  the 
materials  composing  it. 

If  a  telescope  armed  with  an  achromatic  eye-piece  is  carefully 
focused  upon  a  star,  and  then  the  image  of  the  star  is  viewed 
through  a  prism  held  before  the  eye-piece ;  it  will  be  seen  that 
the  eye  iloes  not  adjust  the  focal  plane  tangent  to  the  focal  curve, 
but  places  it  somewhat  further  from  the  objective,  in  such  wise 
that  the  plane  cuts  the  curve  in  two  points,  which  we  will  designate 
as  T'a  and  z'^.    For  these  points  we  must  have 


C+DY.'+Ey.*—  C+Dy«»  +  E>* 

which  gives 


(31) 


But  by  (9)  we  have 


-i  =  rm»+r»''  (32) 


D 


r.«=-w  (33) 

Combining  this  with  (32),  we  find 

which  gives  the  relation  between  yo  ^^^^  ^t^J  V^^^  of  points  at 
which  the  focal  plane  may  cut  the  focal  curve. 

We  have  next  to  consider  how  the  value  of  ^n»  can  be  found ; 
and  for  that  purpose  a  method  pai'tly  arithmetical,  and  partly 
graphical,  seems  most  convenient.  The  data  required  are,  the 
values  of  J/ for  a  number  of  differei;it  values  of  ^,  and  the  relative 
intensity  of  the  light  at  each  of  these  values  of  y.  The  values  of 
J/ must  be  computed  by  means  of  equation  (26)  ;  and  the  relative 
intensity  of  the  light  may  either  be  determined  experimentally,  or 
taken  from  published  tables.  For  visual  intensity,  the  table  given 
by  Fraunhofer  may  be  employed  ;  and  for  photographic  intensity, 
the  curves  published  by  Captain  Abney  contain  all  that  is  required. 
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For  the  sake  of  definiteness,  let  us  suppose  that  the  value  of  ^m  ^^ 
to  be  determined  for  an  objective  corrected  for  visual  purposes. 
We  begin  by  laying  down  an  axis  of  abscissas,  and  graduating  it 
into  a  scale  of  wave  lengths.  Here,  however,  it  must  be  observed 
that  the  brightness  of  any  part  of  a  spectrum  depends  not  only 
upon  the  inherent  brightness  of  the  light  at  that  point,  but  also 
upon  the  degree  of  dispersion  employed.  As  Fraunhofer's  deter- 
minations of  the  relative  brightness  of  different  parts  of  the 
spectrum  were  made  with  a  flint  glass  prism  having  a  refractive 
index  of  1-63  for  the  ray  D ;  and  as  such  an  instrument  produces 
much  greater  dispersion  at  the  violet  end  of  the  spectrum  than  at 
the  red  «nd ;  it  follows  that  our  scale  of  wave  lengths  must  be, 
not  a  scale  of  equal  parts,  but  such  a  scale  as  existed  in  the 
spectrum  employed  by  Fraunhofer.  The  wave  length  of  the 
brightest  ray  is  approximately  5688,  and  through  that  point  in  the 
scale,  and  at  right  angles  to  the  axis  of  abscissas,  the  axis  of 
ordinates  must  be  drawn.  Then,  from  the  computed  values  of  4/i 
a  suflScient  number  of  points  must  be  laid  down  to  determine  the 
focal  curve,  and  that  curve  must  be  drawn.  At  the  points  whose 
wave  lengths  correspond  to  the  principal  Fraunhofer  lines,  lines 
must  be  drawn  through  the  focal  curve,  parallel  to  the  axis  of 
ordinates ;  the  length  of  each  line  being  proportional  to  the  rela- 
tive brightness  of  the  spectrum  at  the  point  where  it  is  situated, 
and  the  center  of  each  line  coinciding  accurately  with  the  focal 
curve.  Through  the  extremities  of  these  lines  a  closed  curve 
must  be  drawn.  The  figure  thus  obtained  will  be  termed  the 
illumination  diagram,  because  it  exhibits  the  amount  and  distribu- 
tion of  the  light  at  the  focus  of  the  objective.  The  eye  will 
necessarily  place  the  focal  plane  in  the  position  where  this  light 
will  produce  the  greatest  effect  upon  the  retina ;  which  is  equiva- 
lent to  9aying  that  the  focal  plane  must  pass  through  the  center  of 
gravity  of  the  diagram.  Hence,  to  find  the  position  of  the  focal 
plane,  we  have  only  to  cut  out  the  diagram  (which  should  be 
drawn  upon  rather  stiff  paper),  and  balance  it  upon  a  knife  edge 
held  parallel  to  the  axis  of  abscissas.  The  reciprocals  of  the  wave 
lengths  of  the  points  of  intersection  of  the  knife  edge  with  the 
focal  curve  will  then  be  the  values  of  ^m  and  y^. 

The  method  just  explained  may  be  employed  to  determine  the 
difference  between  the  positions  of  the  principal  focus  of  the  same 
telescope  when  used  for  different  purposes.    For  example,  if  it 
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were  required  to  find  the  interval  between  the  visual  and  photo- 
graphic foci  of  a  telescope,  two  illumination  diagrams  would  be 
drawn  —  one  for  the  visual,  and  the  other  for  the  photographic 
rays  —  and  the  difference  between  the  positions  of  the  focal  plane 
in  the  two  diagrams  would  be  the  required  difference  of  foci. 

As  the  magnitude  of  the  secondary  spectrum  of  a  star  is 
measured  by  the  semi-diameter  (at  the  point  where  it  intersects 
the  focal  plane)  of  the  cone  of  rays  having  the  maximum  focal 
distance ;  it  follows  that  in  an  objective  corrected  for  visual  pur- 
poses, the  secondary  spectrum  is  diminished  by  the  fact  that  the 
eye  places  the  focal  plane  somewhat  further  from  the  objective 
than  the  apex  of  the  focal  curve.  To  find  the  amount  of  this 
diminution,  we  remark  that  for  light  of  wave  lengths  correspond- 
ing to  the  points  where  the  focal  plane  cuts  the  focal  curve,  the 
semi-diameter  of  the  cone  of  rays  is  zero ;  while  for  light  of  any 
other  wave  length,  the  semi-diameter  of  the  cone  of  rays,  at  the 
point  where  it  intersects  the  focal  plane,  is  proportional  to  the 
distance  between  that  plane  and  the  point  of  the  focal  curve  cor- 
responding  to  the  wave  length  of  the  light.  Hence,  the  effect  of 
moving  the  focal  plane  into  a  position  further  from  the  objective 
than  the  apex  of  the  focal  curve,  will  be  to  diminish  sj^  by  a 
constant  which  is  numerically  equal  to  the  value  of  Sq^  for  light 
whose  wave  length  is  that  of  the  point  at  which  the  focal  plane 
intersects  the  focal  curve.  Modifying  equation  (30)  in  accordance 
with  these  principles,  it  becomes 

»«"  =  a  I  (ro^-n^y-  (r,« - r„T  \  e  (35) 

in  which  ^n,  is  the  reciprocal  of  the  wave  length  corresponding  to 
either  of  the  two  points  in  which  the  focal  plane  cuts  the  focal 
curve ;  and  sj^  is  the  semi-diameter,  at  the  point  where  it  cuts  the 
focal  plane,  of  the  cone  of  rays  whose  wave  length  is  ^i. 

The  exact  nature  of  the  color  correction  of  a  telescope  can  be 
determined  by  placing  the  focal  plane  in  a  number  of  different 
positions,  and  observing  the  corresponding  values  of  ^m  ^nd  ^q. 
These  values  being  substituted  in  equation  (34),  several  inde- 
pendent values  of  yq  can  be  deduced,  the  mean  of  which  will 
probably  be  very  near  the  truth. 

The  conclusions  reached  in  the  preceding  pages  may  be  summed 
up  as  follows : 

1st.  From  any  three  pieces  of  glass  suitable  for  making  a  cor- 
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rected  objective,  but  not  fulfilling  the  conditions  necessary  for  the 
complete  destruction  of  the  secondary  spectrum,  it  will  always  be 
possible  to  select  two  pieces  from  which  a  double  objective  can  be 
made  that  will  be  superior  to  any  triple  objective  made  f^om  all 
three  of  the  pieces. 

2d.  The  color  correction  of  an  objective  is  completely  defined 
by  stating  the  wave  length  of  the  light  for  which  it  gives  the 
minimum  focal  distance. 

3d.  An  objective  is  properly  corrected  for  any  given  purpose 
when  its  minimum  focal  distance  corresponds  to  rays  of  the  wave 
length  which  is  most  eflScient  for  that  purpose.  For  example,  in 
an  objective  corrected  for  visual  purposes  the  rays  which  seem 
brightest  to  the  human  eye  should  have  the  minimum  focal 
distance ;  while  in  an  objective  intended  for  photographic  purposes 
the  rays  which  act  most  intensely  upon  silver  broivo-iodide  should 
have  the  minimum  focal  distance. 

4th.  In  double  achromatic  objectives  the  secondary  spectrum 
(or  in  other  words,  the  diameter,  at  its  intersection  with  the  focal 
plane,  of  the  cone  of  rays  having  the  maximum  focal  distance),  is 
absolutely  independent  both  of  the  focal  length  of  the  combination, 
lAid  of  the  curves  of  its  lenses ;  and  depends  *  solely  upon  the 
special  color  correction  adopted,  the  aperture  of  the  combination, 
and  the  physical  properties  of  the  materials  composing  it. 

5th.  When  the  focal  curve  of  an  objective  is  known ;  and  the 
relative  intensity,  for  the  purpose  for  which  the  objective  is 
corrected,  of  light  of  every  wave  length  is  also  known ;  then  the 
exact  position  which  the  focal  plane  should  occupy  can  readily  be 
calculated. 

6th.  It  may  be  remarked  incidentally  that  in  an  objective  cor- 
rected for  photographic  purposes,  the  interval  between  the  maxi- 
mum and  minimum  focal  distances  is  less  than  in  one  corrected 
for  visual  purposes.  Hence,  a  photographic  objective  has  less 
secondary  spectrum,  and  is  better  adapted  to  spectroscopic  work, 
than  a  visual  objective. 

These  conclusions  are  strictly  correct  for  a  system  of  infinitely 
thin  lenses  in  contact,  refracting  light  according  to  the  law  in- 
volved in  equation  (2)  ;  but  for  a  different  law  of  dispersion,  or  if 
the  thicknesses  and  distances  apart  of  the  lensQS  are  considered, 
they  may  require  modification. 
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Modern  Star  Places,  with  Suggestions  relative  to  Future 
Co-operation  among  Meridla^n  Observers.  By  Lewis  Boss, 
of  Albany,  N.  Y. 

At  the  present  time  there  are  about  forty  observatories  engaged 
in  the  determination  of  star  places  by  means  of  meridian  instru- 
ments. In  each  of  at  least  a  majority  of  these  institutions,  this 
work  is  an  important,  if  not  the  most  important  feature  of  the 
total  astronomical  activity.  In  most  of  the  National  observa- 
tories more  than  one-half  of  a  large  working  force  is  so  engaged. 
Any  suggestions,  therefore,  which  point  to  a  better  division  of 
labor,  to  the  remedy  of  defects,  or  to  improved  methods  of  obser- 
vation are  of  great  importance. 

A  few  years  ago  while  I  was  employed  in  a  research  to  ascertain 
the  declination^  of  the  principal  fixed  stars,  from  published  mate- 
rial, with  the  greatest  possible  precision,  it  became  necessary  for 
me  to  consult  more  or  less  critically,  all  the  important  observatory 
publications  relating  to  the  declinations  of  stars.  One  who  has 
pursued  such  a  course  of  study  cannot  fail  to  be  struck  with  the 
vast  accumulation  of  material  in  this  department  of  Astronomy, 
and  must  admireT  the  skill  with  which  much  of  it  has  been  produced 
and  collected  for  the  use  of  the  investigator.  It  would  be  both 
presumptuous  and  unjust  to  make  general  complaint  against  the 
character  of  these  eflforts,  or  to  expect  the  product  to  be  entirely 
free  from  criticism.  It  is  only  when  erroneous  methods  are  per- 
sisted in,  after  experience  has  shown  the  remedy,  and  when  the 
following  of  bad  methods  is  both  numerous  and  respectable,  that 
general  criticism  on  the  methods  and  results  of  past  researches 
becomes  proper  as  well  as  useful. 

I  shall,  therefore,  proceed  to  show  what  appear  to  me  the  most 
evident  and  important  faults  in  the  general  administrative  features 
of  meridian  work  past  and  present,  and  to  call  attention,  briefly, 
to  the  general  plan  of  work  wliich  is  now  sanctioned  by  most  emi- 
nent observers.  I  shall  confine  myself  to  the  consideration  of 
these  general  features,  because  it  is  on  these  that  the  question, 
how  to  get  the  most  accurate  results  for  the  greatest  number  of 
objects,  principally  depends. 

The  general  discussions  which  arise  from  a  knowledge  of  star 
places  and  their  variations  require  the  number  of  places  consid- 
ered to  be  very  great ;  and  it  is  only  when  some  distinguishing 
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feature  is  specifically  attached  to  a  given  star,  that  it  becomes  an 
object  of  particular  interest.  Stars  which  are  used  for  reference, 
or  which  are  remarkable  on  account  of  paralUx  or  proper  motion 
belong  to  the  class  of  special  stars ;  all  others  belong  to  a  class  in 
which,  for  theoretical  uses,  the  position  of  any  one  star  is  as  impor- 
tant as  any  other  of  the  same  magnitude.  The  fact  that  a  given 
star  of  the  latter  class  has  been  well  observed  in  the  past  is  the 
best  excuse  for  letting  it  alone  in  the  present.  The  neglect  of  this 
excuse  is  the  most  common,  but  by  no  means  the  most  important^ 
fault  of  modem  meridian  work.  The  fault  has  not  been  so  glar- 
ingly  evident  in  the  choice  of  observing  lists,  as  in  the  accumula- 
tion of  observations  on  individual  stars.  Suppose,  that  at  a  given 
observatory,  three  thousand  observations  are  to  be  devoted  to 
miscellaneous  stars;  it  is  obviously  better  that  one  thousand 
stars  should  each  be  determined  three  times,  than  that  three  stars 
should  each  be  determined  one  thousand  times.  The  require- 
ments of  the  case  are  such  that  it  is  undoubtedly  better  to 
have  three  observations  each  of  one  thousand  stars  brighter 
than  the  seventh  magnitude,  than  to  have  ten  observations  each 
of  three  hundred  stars.  Yet  if  one  attempts  to  determine,  from 
published  material,  the  places  of  such  fifth  and  sixth  magnitude 
stars  as  are  without  great  individual  interest,  he  will  be  struck 
with  the  very  uneven  distribution  of  the  data  at  hand  for  determi- 
nation. He  will  also  find  that  when  one  of  these  stars  has  been 
at  all  observed  with  certain  instruments,  the  number  of  obser- 
vations is  as  likely  to  be  greater  than  ten  as  less.  Happily,  there 
is  now  very  little  need  for  exhortation  in  this  respect.  There  is 
now  a  tendency  among  meridian  observers  to  equalize  and  lessen 
the  number  of  observations  upon  individual  stars,  and  particularly 
to  search  out  and  observe  stars  whose  positions  for  the  pres- 
ent epoch  are  less  accurately  known  than  others  of  the  same 
magnitude  and '  degree  of  interest.  Of  the  first  tendency,  the 
great  zone  work  of  the  Astronomische  Gesellschaft  is  a  conspicuous 
example.  Among  others,  Professor  T.  H.  Safford  has  done  excel- 
lent service  in  arranging  his  recent  catalogue^  so  as  to  indicate 
what  is  needed  in  the  way  of  observation  for  a  broad  belt  of  stars, 
extending  from  +20°  to  +70**  of  declination,  and  by  recom- 
mending to  the  attention  of  astronomers,  just  the  stars  upon  which 
they  can  do  most  eflfective  service. 

1  Mean  Declhiation  of  2018  Stars,  Washington,  1879. 
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The  second  and  most  important  criticism,  which  applies  in  very 
many  instances  to  modem  meridian  work,  relates  to  the  general 
plan  of  operations,  and  springs  from  the  impossibility  of  making 
absolute  determinations  of  star  places  which  shall  not  be  liable  to 
large  systematic  corrections.  In  the  present  stage  of  investi- 
gation, however,  it  is  of  less  consequence  that  a  catalogue  of  star 
positions  shall  be  free  from  large  systematic  errors  than  that  the 
correction  itself  shall  not  be  subject  to  sudden  and  anomalous 
changes  in  value  with  progressive  changes  in  its  argument ;  always 
provided  that  adequate  means  of  comparison  with  known  systems 
of  star  places  are  presented,  either  in  the  catalogue  itself  or  in 
the  circumstances  of  observation  upon  which  the  positions  are 
based;  Now  increased  accuracy  and  fulness  of  knowledge  of  star 
positions  may  be  promoted  in  two  ways :  first,  by  ascertaining  as 
nearly  as  possible  absolute  positions, — measuring  the  co-ordinates 
of  each  star  as  if  that  were  the  only  one  in  the  heavens :  secondly ^ 
by  measuring  the  relative  positions  of  stars  in  the  same  neigh- 
borhood, relying  upon  researches  of  the  first  class  to  give  the 
absolute  co-ordinates  of  one  or  more  stars  in  that  region,  by 
means  of  which  knowledge  the  whole  group  becomes  determined. 
In  a  general  sense,  these  operations  may  be  illustrated  by  the 
methods  of  geodetic  triangulation,  where  the  determination  of 
primary  points  constitutes  an  operation  entirely  distinct  from  that 
which  is  directly  concerned  with  details.  If  secondary  and  tertiary 
work 'faithfully  correlates  the  geography  of  areas  surrounding 
one  or  more  such  points,  absolute  reference  to  equator  and  first 
meridian  can  be  made  always  more  and  more  precise  by  repetition 
of  the  primary  triangulation.  Thus,  a  thousand  points  may  be 
made  to  depend  upon  two  or  three  principal  ones,  and  simply  by 
improvement  in  accuracy  of  the  positions  of  these  two  or  three 
fundamental  points,  each  individual  of  the  thousand  is  corre- 
spondingly benefited.  -If  we  admit  that  the  determination  of  an 
absolute  position  is  relatively  far  more  difficult  than  the  interpo- 
lation of  a  differential  position  among  others  already  known,  the 
obvious  economy  of  such  an  arrangement  does  not  require  comment. 
That  this  truth  has  been  ignored  in  conspicuous  instances  by 
modem  observers,  I  can  only  attribute  to  the  force  of  tradition. 

It  is  tme,  that  at  the  beginning  of  the  present  era  of  exact 
observation,  and  while  instmments  and  skill  in  using  them  were 
constantly  improving,  each  practical  astronomer  who  wished  to 
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determine  star  places  with  precision  was  compelled  to  make  his 
observations  fundamental.  Having  no  data  of  superior  authority 
as  to  the  places  of  the  principal  stars  and  the  elements  of  refrac- 
tion,  whatever  his  purpose  he  must  first  determine  these.  Thus 
we  have  the  celebrated  catalogues  of  Bradley,  Piazzi,  Groom- 
bridge,  Bessel,  Struve,  Angelander  and  others  previous  to  1840. 
But  with  these  fundamental  catalogues  once  in  existence,  regard 
for  economy  would  seem  to  have  dictated  either  one  of  two  dis- 
tinct courses, — a  strictly  fundamental  determination  of  star  places, 
with  thoroughly  independent  investigations  of  instrumental  cor- 
rections, and  the  elements  of  atmospheric  refraction ;  or,  differ- 
ential observation  based  upon  a  catalogue  of  known  star  positions, 
compiled  from  the  best  existing  fundamental  catalogues.  I  know 
of  but  three  instances  of  strictly  absolute  determinations  of  .dec- 
lination made  within  the  last  forty  years.  I  refer  to  the  two 
Poulkowa  series  (1845 — 1865)  made  with  the  Ertel  vertical  circle, 
and  the  series  made  at  Leiden  ten  years  ago.  These  determina- 
tions undoubtedly  present  by  far  the  most  valuable  material  for 
the  discussion  of  absolute  declinations  which  has  appeared  during 
the  time  mentioned.  By  contrast,  all  other  efforts,  during  the 
same  period  which  profess  the  same  purpose,  judged  by  the  degree 
of  success  they  have  attained  in  securing  absolute  results,  seem 
at  least  wasteful  of  labor.  The  trouble  is  that  these  latter  efforts 
contemplate  both  the  objects  which  we  have  indicated.  Failure  in 
securing  good  absolute  results  would  be  matter  of  less  regret,  if 
the  mixture  of  methods  did  not  operate  prejudicially  to  the 
attainment  of  good  secondary  work. 

With  Right  Ascensions  the  case  is  somewhat  different,  and  we 
have  consequently  less  trouble  with  that  co-ordinate. 

Among  the  disadvantages  arising  from  the  mixture  of  methods, 
to  which  allusion  has  been  made  may  be  reckoned : — 

Firsts  loss  of  precision  in  the  determination  of  relative  posi- 
tions ; 

Second^  less  certainty  in  the  amount  of  systematic  correction 
required ; 

Third,  and  most  serious  of  all,  comparative  loss  in  the  amount 
of  material  which  can  be  produced  with  a  given  expenditure  of 
labor. 

The  first  point  may  be  practically  illustrated  with  lessons  drawn 
from  experience.    On  page  160,  Appendix  H,  Eeport  of  the 
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United  States  Northern  Boundary  Commission,  will  be  found  a 
"  table  of  weights,"  by  means  of  which  the  relative  precision,  in 
the  differential  sense,  of  various  declination  systems,  can  be  judged. 
They  are  derived  from  a  careful  discussion  founded  on  comparisons 
of  individual  systems  with  the  Normal  System  of  the  work  cited. 
Weight  one  there  corresponds  to  a  probable  error  of  ±".30. 
Commencing  with  1845,  and  considering  first  those  declinations  in 
the  production  of  which  mixed  methods  were  followed,  wo  find 
that  the  following  authorities  do  not  reach  weight  one  in  any 
case:  Radcliffe,  1845;  Armagh,  1840;  Madras,  1850;  Santiago, 
1851  and  1855;  Radclifle,  1858;  Edinburgh  Annual  Results; 
Melbourne,  1862.  Of  the  same  class  of  catalogues  the  following 
reach  weight  one  at  approximately  the  number  of  observations 
set  opposite  to  each. 


Observatorif, 

Aftan 
Date, 

No, 
Obi. 

Ohi^rvatory, 

Mean 
DaU. 

Ko, 
Obi, 

Greenwich 

1845 

7 

Cape  G.  H. 

1858 

6 

Washington 

1847 

10 

Washington 

1864 

10 

Cambridge 

1848 

5 

Greenwich 

1864 

3 

Greenwich 

1851 

9 

Melbourne 

1868 

5 

Paris 

1853 

6 

Washington 

1868 

10 

Washington 

1856 

20 

Radcliffe      . 

1868 

150( 

Cambridge 

1856 

5 

Greenwich 

1870 

6 

Greenwich 

1857 

3 

Washington 

1872 

10 

The  numbers  for  Washington  and  Cambridge  catalogues  can 
only  be  estimated  because  the  actual  number  depends  upon  the 
distribution  of  observations  in  separate  3'ears,  and  may  in  selected 
cases  be  larger  or  smaller  than  the  numbers  given.  Taking  now 
the  catalogues  during  the  same  period,  which  are  founded  on 
standard  catalogues  by  the  method  of  interpolation  or  differential 
observation,  we  have  as  numbers  of  observation  necessary  to 
produce  weight  one :  — 


Mean 
Date. 

No. 
Obs,  . 

Mean 
Date. 

Ko. 
Obi. 

Paris 
Brussels 
Paris 
Brussels 

1856 

1856 
1862 
1860 

4 

53 
2 
6 

Brussels 

Bonn 

Leipzig 

1865 
1866 
1867 

3 
8 
8 

It  should  further  be  remembered  that  these,  systems  of  declina- 
tion were  founded  on  standard  catalogues  which  are  in  every 
respect  far  inferior  to  those  which  can  now  be  produced. 
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The  second  and  third  points  are  intimately  connected  with  each 
other.  If  certainty  in  systematic  corrections  is  secured,  it  will 
be  at  the  expense  of  observations  which  might  otherwise  be 
devoted  to  the  most  proper  objects. 

On  the  other  hand,  when  the  proper  standards  of  reference  are 
neglected,  and  attention  is  almost  wholly  devoted  to  the  determi- 
nation of  so-called  absolute  positions  of  stars  not  frequently 
observed,  the  value  of  the  results  is  impaired  to  an  enormous 
degree,  upless  determinations  are  made  with  such  skill  and  com- 
pleteness that  a  vast  amount  of  labor  results  in  a  comparatively 
insignificant  number  of  star  positions ;  and  even  then  the  difficulty 
is  but  partly  remedied,  since  the  most  elaborate  fundamental 
determinations  are  still  subject  to  large  systematic  corrections,  for 
which,  in  the  case  we  have  supposed,  there  is  no  means  of  ascer- 
tainment by  comparison.  The  evil  which  has  just  been  described 
is  a  serious  matter  in  the  cases  of  several  modem  catalogues  of 
declinations,  and  renders  the  material  they  present  almost  value- 
less in  cases  where  great  precision  is  required. 

It  is  hardly  necessary  to  say  that  the  reflections  presented  in  the 
foregoing  remarks,  and  the  conclusions  which  it  seems  justifiable 
to  draw  from  them,  as  to  the  best  plan  of  observation,  are  not 
original  with  me.  They  are  in  the  minds  of  most  eminent  authori- 
ties on  meridian  work ;  and  are,  in  fact,  practically  acted  upon  by 
them.  The  conclusions  are; — that  the  work  of  obtaining  star 
positions  should  be  divided  into  at  least  three  distinct  operations 
which  should  never  be  intermingled  in  practical  execution. 

Firsts  the  determination  of  absolute  positions  for  a  few  standard 
stars. 

Probably  the  number  of  such  stars  ought  not  to  exceed  two 
hundred.  If  one  aims  at  the  highest  precision,  there  is  no  problem 
in  the  whole  range  of  practical  physics  which  requires  greater 
nicety  of  precaution  as  to  surrounding  conditions  of  observation, 
closer  attention  to  means  of  measurement,  more  vigor  in  pushing 
those  means  to  their  ultimate  limit  of  capability  for  exactitude,  or 
more  painstaking  regard  for  the  action  of  physical  laws  as  well  on 
the  instruments  concerned  in  observation  as  on  the  surrounding 
atmosphere, —  than  this  which  has  for  its  object  the  determination 
of  the  absolute  positions  of  the  celestial  bodies.  If  this  be  true, 
no  stronger  argument  could  be  presented  to  show,  first,  that  this 
problem  is  always  sufficiently  intricate  and   laborious  to  claim 
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undivided  attention,  and  secondly,  that  where  it  does  not  seenre 
this  attention  the  results  must  be  at  least  of  doubtful  value.  If 
another  argument  were  needed  it  would  lie  in  the  fact  that  the 
instruments  best  adapted  for  secondary,  or  differential  observation, 
are  not  at  all  suitable  for  this  research.  The  former  purpose  may 
require  comparatively  great  optical  power  and,  consequently,  great 
dimensions  in  the  remaining  parts  of  the  instrument. 

For  the  best  independent  work  a  telescope  of  short  focus  and 
not  more  than  four  inches  aperture,  with  interchangeable  ocular 
and  objective,  is  probably  best  adapted.  For  secondary  work, 
fixity  in  adjustment  and  uniformity  in  use  may  be  tolerated  ;  but 
with  absolute  measurements  we  need  an  instrument  which  admits 
the  greatest  mobility  in  adjustment,  and  the  greatest  variety  of 
conditions  in  use.  Instruments  of  the  latter  class  must  be  readily 
reversible.  The  circles  should  be  small;  and  not  only  should 
they  be  capable  of  easy  and  accurate  rotation  on  the  cone  of  the 
axis,  but  it  should  also  be  possible  both  to  rotate  and  interchange 
these  cones,  as  well  as  the  two  halves  of  the  telescope  tube  with 
reference  to  the  central  cube,  so  that  from  time  to  time  they  may 
be  securely  bolted  in  new  positions.  I  believe  that  these  are 
requirements  of  great  importance  ;  and  they  can  be  secured  most 
readily  in  a  small  instrument,  which,  from  the  lightness  and  com- 
parative inflexibility  of  its  parts,  is  susceptible  of  the  greatest 
nicety  in  mechanical  construction,  and  the  greatest  ease  and  safety 
in  subsequent  changes  of  its  principal  adjustments.  The  ease 
with  which  observations  can  be  made  is  a  most  decided  argument 
in  favor  of  small  instruments,  especially  in  this  class  of  observa- 
tions, which  demands  a  large  number  of  auxiliary  investigations 
of  instrumental  corrections  and  their  changes. 

The  observing  room  should  be  entirely  detached  from  other 
buildings,  and  should  be  of  the  lightest  practicable  construction. 
Then,  if  a  light  roof  is  provided,  which  can  be  partially  or  entirely 
removed  by  sliding  to  the  east  or  west  during  observation,  we 
should  be  more  likely  to  have  that  most  desirable  thing,  one  set 
of  atmospheric  conditions  within  the  observing  room  and  without. 

The  second  class  of  operations  consists  in  secondary  observation ; 
which  involves  the  extension  of  systems,  derived  under  the  first 
head,  to  a  larger  number  of  objects,  for  the  double  purpose  of 
determining  the  positions  of  brighter  stars  on  account  of  the 
individual  interest  which  many  of  them  possess,  and  to  furnish 


Digitized  by  VjOOQ IC 


BT  LEWIS  B088.  113 

a  larger  number  of  reference  points  to  be  used  in  zone  work. 
Briefly,  this  method  of  observation  does  not  imply  the  use  of  the 
zone  plan,  but  is  secondary  in  the  sense  that  corrections  to  the 
actual  results  of  instrumental  readings  are  derived  from  a  pre- 
viously adopted  standard  catalogue,  in  such  a  manner  that  the 
application  of  the  corrections  wUl  faithfully  reproduce  the  system 
of  star  places  originally  adopted.  In  this  first  extension  of  funda- 
mental systems  to  other  stars,  the  zone  plan  would  not  be  con- 
venient in  practice  because  of  the  fewness  of  stars  for  reference 
afforded  by  absolute  determination,  and  because  the  best  economy 
requires  that  the  number  of  stars  to  be  determined  in  this  way 
should  probably  not  much  exceed  2000, — a  number  too  small  for 
economical  division  into  zones.  In  this  class  of  observation 
mi^ht  also  be  included  the  stars  most  remarkable  for  proper 
motion,  the  principal  variables,  and  a  few  stars  interesting  for 
other  reasons.  The  catalogue  produced  by  the  Leipzig  observa- 
tory for  the  mean  epoch  1868  illustrates  the  methods  implied  in 
this  system  of  observations. 

The  third  class  of  operations  consists  in  tertiary,  or  zone  ob- 
servations. These  observations  may  be  of  greater  or  less  pre- 
cision according  to  the  objects  sought,  but  should  in  all  cases 
depend  upon  a  catalogue  of  standard  positions.  The  plan  of 
observing  differences  of  position  in  narrow  zones  is  advantageous 
as  well  in  accuracy  as  in  rapidity  of  work.  The  idea  of  small 
pretensions  to  accuracy  has  come  to  be  attached  to  the  mention 
of  zone  work,  mainly  because  the  purpose  of  those  who  have 
hitherto  used  the  method  called  for  observation  of  a  large  number 
of  objects  rather  than  for  great  precision  in  individual  cases.  The 
term  zone  work  has  really  nothing  to  do  with  the  number  of 
transit  wires,  or  microscopes  used  in  observation,  but  refers  rather 
to  the  manner  of  arranging  observations.  The  advantages  of 
including  the  work  of  a  single  night  (or  even  of  years  where 
practicable)  within  belts  of  sky  not  wider  than  five  or  ten  degrees, 
are  so  manifest  to  practical  observers  that  I  shall  not  waste  time 
in  proving  them.  The  experience  of  those  who  have  recently 
been  engaged  in  the  observation  of  stars  down  to  the  ninth  mag- 
nitude inclusive,  under  the  programme  of  the  Astronomische 
OeseUschaft^  shows  the  great  superiority  of  the  zone  plan  of  sec- 
ondary observation,  both  in  respect  to  extent  and  accuracy  of 
results,  even  when  the  instrumental  readings  are  much  curtailed. 
▲•  A.  A.  8.,  VOL.  xxvm.  8 
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It  is  somewhat  surprising  that  most  of  the  participants  in  this 
work,  reading  a  single, — or  at  most  two  microscopes,  and  ob- 
serving transits  on  three  to  five  threads,  repprt  a  degree  of  accuracy 
in  the  resulting  co-ordinates  which  is  often  superior  to  that  of 
individual  determinations  in  the  general  run  of  our  modem  star 
catalogues.  Two  observers  under  this  programme  can  determine 
the  positions  of  one  hundred  stars  in  one  clear  night  without 
great  fatigue — probably  with  less  effort  than  either  would  make 
in  observing  thirty  stars,  with  equal  accuracy  in  the  ordinary 
miscellaneous  way.  In  the  ease  and  accuracy  of  reduction  there 
is  no  comparison  to  be  made  between  the  two  systems. 

The  practical  objection  to  the  universal  use  of  the  zone  plan  in 
differential  observation  is  difficulty  in  constructing  observing  lists 
to  meet  the  constant  and  pressing  demands  for  star  places  used  in 
field  astronomy,  planetary  comparisons,  and  in  special  studies* of 
proper  motion.  At  most,  these  direct  demands  need  not  occupy 
more  than  four  or  five  of  the  national  observatories;  but  a 
judicious  plan  of  co-operation  among  meridian  observers  would 
solve  even  this  problem.  Suppose,  for  instance,  each  of  the 
participants  in  the  zone  work  of  the  Astronomische  Gesellschajl 
continues  to  be  responsible  for  the  observation  of  stars  coming 
within  its  own  zone ;  in  no  other  way  could  such  prompt  atten- 
tion and  such  effective  as  well  as  economical  results  be  secured 
for  any  stars  in  the  northern  heavens,  requiring  immediate  re- 
observation,  as  in  this  way.  And  if  duplication  of  results  be 
desired,  it  might  readily  be  secured  in  the  same  way,  for  the 
regions  already  covered,  as  well  as  for  the  entire  southern  heavens ; 
since  it  would  be  possible  for  any  one  instrument,  actively 
employed,  to  attend  to  the  needs  of  at  least  two  zones  five  degrees 
in  width.  So  far  from  restricting  individual  freedom  and  repress- 
ing enthusiasm  by  the  requirements  of  dull  routine,  I  believe 
this  plan  would  be  an  incentive  to  the  greatest  activity  and  per- 
sonal interest.  Each  individual  of  the  combination  would  be 
stimulated  by  pride  and  the  consciousness  of  forming  one  unit  in 
a  grand  combination  to  do  the  very  best  possible  for  his  share  in 
the  work,  and  there  would  doubtless  stand  always  ready  plenty  of 
fresh  and  competent  recruits  to  supply  the  places  of  the  recreant, 
the  incapable,  or  the  unfortunate. 

The  advantage  of  such  a  plan  to  the  investigator  would  be 
simply  incalculable.    Not  only  would  the  collection  of  material 
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for  discussion  be  an  easy  task  compared  with  what  it  now  is ;  bat 
the  material  itself  would  be  abundant,  homogeneous  and  of 
superior  quality.  It  might  then  be  advisable  to  make  a  compre- 
hensive and  reliable  compilation  of  all  that  has  hitherto  been 
accomplished  in  meridian  observation  of  stars,  with  the  certainty 
that  always,  hereafter,  the  material  for  discussion  of  the  great 
questions  of  the  stellar  system  woiild  be  in  a  shape  that  would  not, 
as  now,  work  practical  prohibition  upon  the  labors  of  investigators. 

As  has  been  already  indicated,  the  great  objection  to  differential 
observation  (where  great  precision  is  sought)  has  been  the  diffi- 
culty in  constructing  standard  catalogues  which  shall  be  free  from 
troublesome  uncertainties,  introduced  mainly  by  the  use  of  the 
older  catalogues  for  the  purpose  of  determining  proper  motions. 

In  Right  Ascension  these  uncertainties  have  not  been  so  im- 
portant, because  the  ratio  of  ancient  and  modern  means  of  obser- 
vation in  this  co-ordinate  do  not  show  the  same  disparity  as  in  the 
case  of  declinations.  It  is  highly  probable  that  the  principal 
systems^  of  Right  Ascension  now  in  vogue  are  practically  free 
from  any  trace  of  periodic  error  varying  with  the  right  ascension 
of  stars.  There  still  remains  some  uncertainty  in  the  position  of 
the  equinox ;  but  this  is  not  important,  and  in  any  event  will  not 
impair  the  accuracy  of  differential  work  in  the  slightest  degree, 
since  its  effect  is  merely  to  add  or  subtract  a  constant  term. 
There  are,  however,  troublesome  systematic  discordances  in  right 
ascension  which  depend  for  their  value  upon  the  order  of  declina- 
tion of  stars.  They  might  easily,  and  probably  do  spring  from 
the  residual  effects  of  small  undetected  errors  in  the  pivots  of 
those  instruments  which  have  furnished  our  standard  right  ascen- 
sions. But,  in  our  best  compilations,  this  error  is  without  doubt- 
small  in  amount  and  regular  in  its  progression,  so  that  very  little 
harm  can  come  to  differential  observation  from  its  presence. 

Recently  the  attention  of  astronomers  has  been  called  to  an 
exceedingly  important  error  in  observed  right  ascensions,  intro- 
duced by  the  modern  method  of  chronographic  registry.  This 
error,  which  depends  on  the  magnitude  of  the  star  observed,  has 
been   hitherto  little  considered,  but  was   suddenly  brought  into 

*  **  On  the  Bight  'Ascensions  of  Uie  Eqaatorial  Fundamental  Stars ; "  Simon  New- 
comb  (Appendix  IIIv  Wash.  Obs.,  1870).  **  Fiirtecliening  dfVer  rektascensionerna  fdr 
103  Fundamentals^ernor;"  Hugo  Gylden  (Stoclcbolm,  Vetensk,  Ak.  Fdrhandl.,  1874). 
**  Fundamental-Catalog  fUr  die  Zonen  Beobachtungen ; "  A.  Auwers  (Leipzig,  1879). 
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general  notice  throngh  Mr.  Dayid  6111,^  present  Astronomer  Royal 
at  the  Cape  of  Grood  Hope.  So  far  as  is  known  to  me  this  subject 
has  been  independently  investigated  at  Berlin,  Leiden  and  Albany, 
by  practical  observation.  At  Leiden,  transits  registered  on  the 
chronograph  are  found  to  have  a  decided  error  depending  on  mag- 
nitude of  the  star  observed.  This  error  amounted,  for  one 
observer,  to  something  like  '.03  for  a  decrease  of  one  magnitude 
(Ast.  Nach.  No.  2262).  The  fainter  stars  were  observed  later  so 
that  their  transits  require  a  minus  correction. 

I  have  followed  a  similar  course  of  investigation  at  the  Dudley 
Observatory..  The  plan  of  observation  was  this :  —  wire  screens 
were  provided  of  varying  opacity,  such  that,  when  screen  I  is 
placed  in  front  of  the  Transit  Circle  object-glass,  the  image  of  the 
star  to  be  observed  is  reduced  about  six  magnitudes.  Screen  II 
produces  a  reduction  of  four  magnitudes.  A  bright  star  is  allowed 
to  transit  thread  group  ^^  B  "  at  full  brightness.  When  the  image 
is  between  groups  "  B  "  and  "  C,"  a  screen  is  interposed  in  front 
of  the  object-glass,  and  the  diminished  image  is  registered  over 
group  "  C  "  or  "  D."  Although  the  thread  intervals  are  very  well 
determined  the  precaution  was  taken  to  vary  the  above  process 
at  alternate  transits,  so  that  in  successive  observations  each  group 
(of  five  wires)  is  used  for  each  kind  of  transit  an  equal  number 
of  times.  Eighty-two  such  sets  of  observation  were  made. 
Assuming  that  the  law  of  correction  is  expressed  by :  — 

x(M  — 4)+y(M  — 4)2 

where  M\s  the  magnitude,  I  find  as  the  correction  required  by  my 
transits,  registered  on  the  chronograph :  — 

—■.009  (M  — 4)  —■.0004  (M  — 4)2. 

The  value  of  y  is  not  well  determined,  but  I  am  inclined  to  think 
it  has  an  existence. 

£ye  and  ear  observations  are  not  apparently  affected  by  this 
error  depending  on  magnitude.  Mr.  Gill  has  already  pointed  out 
this  fact  as  a  result  of  his  investigation  of  the  positions'  of  the 
Mars-stars,  which  were  observed  by  both  methods.  Previous  to 
the  summer  of  1878, 1  was  without  a  chronograph  and  observed 
transits  by  the  eye  and  ear  method.  These  observations  are 
only  partly  reduced ;  but  a  series  of  careful  observations,  by  both 
*  Monthly  Notices,  Vol.  X\XIX,  December,  1878. 
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methods,  on  faint  stars  compared  with  Iris  in  1877,  exhibit  the  fol- 
lowing table  of  resalts. 


Obfd 

Computed 

*Uag. 

aw. 

in. 

tUfertno*. 

6.8 

—.033 

1.5 

— !028 

8.0 

—.010 

1.9 

—.042 

8.0 

+.017 

2.0 

—.042 

8.8 

--.025 

1.0 

—.051 

9.0 

—.120 

1.2 

—.054 

9.0 

—.040 

1.0 

—.054 

9.1 

—.105 

1.7 

—.055 

9.2 

—.070 

1.4 

—.057 

9.3 

—.050 

1.8 

—.058 

9.6 

+.020 

1.0 

—.061 

9.5 

—.049 

1.7 

—.061 

10.0 

—.140 

.7 

—.067 

10.0 

—.180 

1.8 

—.067 

ifembf  < 
tMtght$.'< 

fl 

« 

—.052 

—.052 

The  column  '* observed  difference"  indicates  the  resalt  obtained 
by  subtracting  the  seconds  of  right-ascension  obtained  through 
chronographic  registry  in  1879,  from  those  obtained  by  the  eye 
and  ear  method  in  1878.  The  column  *' computed  difference" 
contains  the  corrections  derived  from  the  formula  previously  given 
as  the  result  of  screen  experiments. 

These  investigations  open  up  a  subject  of  much  perplexity  as 
to  the  use  of  modem  catalogues  of  right  ascension,  which  depend 
upon  the  use  of  the  chronograph.  In  the  present  connection,  they 
appear  to  call  for  revision  of  our  reference  catalogues  of  right 
ascension  in  respect  to  this  error,  though  the  latter  is  probably 
not  highly  important  in  these  catalogues  for  any  stars  brighter 
than  the  sixth  magnitude.  Existing  eye  and  ear  results  will 
serve  at  present  for  standards  of  comparisons  in  this  research, 
until  modern  investigation  has  supplied  a  satisfactory  substitute. 

The  serious  defects  in  standard  catalogues  of  declination  have 
been  largely  due  to  the  systematic  error  in  BesseFs  reduction  of 
Bradley's  observations;  because  this  catalogue,  almost  without 
exception,  has  served  as  an  absolute  point  of  reference  in  the 
construction  of  standard  catalogues.  Through  comparison  with 
modem  observations  I  have  found  that  the  declinations  of  the 
"  FSindamenta"  require  the  correction : 
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—  ".21  + 1".56  Sin  2Z—  82  Sin  a—  »\2^(^^\  Cos  a 

for  stars  south  of  Greenwich  zenith,  and : 

—  ".21  + 1".56  Sin  2Z  +  ".05  Sin  a—  ".29  cos  a 

for  stars  north  of  the  same  zenith ;  but  from  insufficiency  of 
means  these  corrections  can  only  be  considered  as  rough  approxi- 
mations to  the  true  ones.^  Thus  if  we  have  a  catalogue  compiled 
from  perfect  modem  observations  at  the  epoch  1835,  and  carried 
forward  to  1865  with  proper  motions  derived  from  uncorrected 
declinations  of  the  "  Fundamental**  it  would  require  the  approx- 
imate correction  at  declination,  -|-20° : — 

—".24  -f  ".31  Sin  a  -f  ".07  Cos  a. 

Using  the  Normal  system  of  my  work,  already  cited,  I  find  the 
correction  of  Angelander's  (Bonn)  declinations  for  1866  (Mean  ^, 
-f  20*) : 

Normal  —  Bonn  =  —  ".24  +  .31  Sin  a  —  ".15  cos  a 

The  Bonn  declinations  depend  on  those  of  the  Berlin  Jahrhuch^ 
which,  in  turn,  correspond  approximately  to  the  conditions  above 
indicated.  The  recent  Paris  and  Brussels  declinations  are  simi- 
larly affected  for  similar  reasons.  Independent  confirmation  of 
this  fact  is  furnished  by  recent  investigations  as  to  the  latitude^  of 
the  Paris  Observatory,  which  is  found  to  vary  with  the  season  of 
year  in  which  the  determination  is  made.  This  may  be  equivalent 
to  saying  that  the  latitude  changes  with  the  right  ascensions  of  the 
stars  observed,  since  it  depends  on  the  declinations  of  a  catalogue 
of  reference.  I  have  found^  that  the  Paris  Standard  catalogue  of 
declinations  requires  the  con*ection, — 

-f  ".21  Sin  (a— 14*) 

If  now,  we  suppose  the  average  of  observations  at  night  to  fall  at 
llh,  Paris  M.  T.,  we  may  write  for  (a — 14*), 

where  t  denotes  the  number  of  days  reckoned  from  January  1. 

^Section  VII.  Appendix  H,  Report  of  U.  S.  Northern  Boundary  Commission. 

•Comptes  Rendus,  LXXXVII,  686. 

*  Report  of  U.  S.  Nor.  Bound.  Comm.,  App.  H,  p.  129. 


Digitized  by  VjOOQ IC 


BT  LEWIS   BOSS.  119 

The  error  of  the  observed  latitudes  will  then  be  approximately 
expressed  by  the  formula :  — 

+  ".21  Sin  [_|^  (t  — no**)] 

M.6aUlot  finds: 

+  ".20  Sin  [^  (t— gS**)! 

as  the  error  actually  observed. 

Happily  these  troublesome  effects  need  no  longer  exist,  since, 
we  are  now  able  to  dispense  with  Bradley's  declinations  in  the 
formation  of  Normal  Systems  of  declination, —  a  course  already 
followed  by  me  in  the  work  cited.  The  declinations  of  the  prin- 
cipal stars  discussed  ii\  that  work  are  predicted  for  the  Epoch 
1875.0  with  an  average  probable  error  of  it"-07  in  the  differential 
sense,  and  the  proper  motions  with  a  probable  error  of  ±".002  to 
±"•003.  This  degree  of  accuracy  is  obviously  unattainable  by 
the  use  of  any  one  meridian  instrument  during  a  few  years.  In 
this  connection  it  may  not  be  without  interest  to  present  the 
results  of  a  comparison  of  the  declinations  in  question  with  those 
recently  published^  by  Dr.  Auwers,  to  serve  as  a  standard  for  the 
participants  in  the  zone  work.  The  mean  epoch  of  the  authorities 
employed  in  compilation  of  the  latter  work  is  1868,  and  the  epoch 
of  reference  is  1875.0.  Dr.  Auwers  derives  more  than  one-half 
the  weight  of  his  results  from  authorities  which  were  not  availa- 
ble to  me  at  the  time  of  my  discussion.  Systematically,  his 
declinations  depend  on  the  new  Poulkowa  Catalogue  for  1865  —  an 
authority  not  at  my  disposal  in  the  formation  of  my  normal 
system.  The  comparison  will,  therefore,  furnish  some  independent 
means  of  judging  the  accuracy  which  can  now  be  reached  in  pre- 
dicting the  declinations  of  stars.  If  we  take  all  the  stars  in 
common  (115)  which  are  determined  in  my  own  catalogue  with  a 
probable  error  (for  1875.0)  less  than  ±".10,  we  find  the  largest 
difference  between  the  two  to  be  ".64,  and  that  only  five  differences 
exceed  ".50.  The  mean  difference  without  regard  to  sign  is  ".17 ; 
but  if  the  differences  be  corrected  for  systematic  deviations  the 
average  outstanding  discrepancy  becomes  ".13,  and  only  tffo 
differences  are  slightly  greater  than  ".50.    Assuming  equal  accu- 

YFandameiital  Catalog  fttr  die  Zonen-Beobachtungen  *  ^  *  A.  Anwers,  Leipiig,  1879. 
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)  two  catalogues,  we  thus  have  as  the  average  probable 
single  declination  from  either,  ±'^08.  If  we  take  the 
for  the  entire  number  (256)  compared,  we  find  the  mean 
r  before  systematic  correction  is  used,  to  be  ".18,  and 
Even  a  portion  of  these  small  differences  is  due  to 
Dual  proper  motions  employed  by  Dr.  Auwers.  The 
kbles  exhibit  the  amount  and  character  of  the  deviations 
lifferences  are  collected  into  groups.  The  number  of 
h  group  is  prefixed  to  the  signs. 


Declinatioms. 

Normai 

'  —  Autoers. 

■  0»  to6» 

»    tOUk 

U»  tol8» 

W  toMk 

0" 

4  +".83 

1+".14  . 

2H 

h".17 

6H 

h".86 

•10 

8H 

h-ll 

6 +.08 

5- 

-  .22 

7- 

-.21 

-20 

5- 

-.33 

8 +.16 

6^ 

-.24 

10- 

-.23 

•80 

9- 

-.07 

12— .01 

6H 

-.02 

10- 

-.06 

■40 

10  —  .01 

4+  .21 

11- 

-.04 

8— .08 

•50 

18       .00 

6 +  .05 

8— .02 

10 +.14 

•60 

9  — .09 

4— .27 

9— .01 

6       .00 

•70 

6 +  .04 

3  — .06 

4— .31 

6 +.05 

•80 
•90 

3— ,01 
2  4-  .09 

•  2  —  .20 
2  — .17 

6-^.18 
1  — .21 

4— .10 
2— .07 

es  not  appear  to  be  any  marked  dependence  of  the 
[)on  the  right  ascensions  of  the  groups ;  and,  in  fact, 
scussion  of  groups  of  one  hour  each  failed  to  reveal  any 
The  following  table  represents  the  mean  correction 
th  tolerable  accuracy. 


N-A 

< 

N-A 

o 

- 

h  ".80 

+  50 

—  ".03 

- 

-  .25 

--60 

—  .06 

- 

-  .18 

--70 

—   .08 

- 

-  .10 

--80 

—  .10 

- 

-  .04 

- 

-  .01 

»arison  of  proper  motions  in  declination  is  chiefly  inter- 
esting somewhat  the  peculiarities  of  Dr.  Auwers*  new 
Bradley's  declinations,  from  which  his  proper  motions 
nally  derived.      The  following  table  exhibits  mean 
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Pbopeb  MonoMS. 

( 

«* 

N-A 

( 

** 

N-A 

10" 

to    0" 

14 

—  ".Oil 

40» 

toSO" 

37 

—  ".006 

0 

to  10 

26 

—   .015 

50 

to  60 

28 

— 

.003 

10 

to- 20 

29 

—    .010 

60 

to  70 

19 

-U 

.004 

20 

to  80 

87 

—   .011 

70 

to  80 

14 

-- 

.004 

30 

to  40 

81 

—   .019 

From  these  we  can  infer  the  systematic  correction  required  by 
the  new  redaction  of  Bradley's  declinations  to  be  approximately 
as  follows : 

«  Con«  a  Con* 


10» 

+ 1".5            H 

h40» 

-h  1".4 

0 

--1  .6 

-50 

+     .7 

10 

--1  .6 

-60 

—     .8 

20 

--1  .7 

-70 

—     .6 

80 

--1  .8 

-80 

—     .6 

Arranging  the  separate  differences  of  proper  motion  in  the  order 
of  right  ascension,  I  fail  to  find  any  decided  trace  of  a  term 
depending  on  that  order.  All  the  residaals  between  declinations 
— 10**  and +80°,  taken  together  give  the  resulting  formulae  of 
correction  — 

+".0016  Sin(a  + 130**). 

This  coefi9cient  is,  however,  small  in  relation  to  the  probable 
chance  errors  of  the  separate  residuals ;  and  when  the  differences, 
continued  in  the  same  order,  are  separated  into  zones  of  conven- 
ient width,  in  the  separate  results  we  lose  all  support  to  the 
formula  in  question.  It  would  appear,  therefore,  that  we  are 
indebted  to  Dr.  Auwers  for  a  reduction  of  Bradley's  declinations, 
which  is  practically  free  from  what  has  hitherto  proved  to  be  in  its 
effects  a  very  troublesome  term  of  correction. 

In  the  absolute  sense,  also,  the  probability  of  accuracy  for  a 
predicted  system,  depending  on  a  large  number  of  catalogues  is 
now  much  greater  than  for  a  single  actual  determination, — pro- 
vided the  epoch  of  prediction  be  not  too  far  removed  from  what  is 
effectively  the  mean  epoch  of  the  compiled  catalogue.  The  above- 
mentioned  Normal  System  (from  which  the  declinations  of  the 
American  Ephemeris  for  1881  are  taken),  for  stars  north  of  decli- 
nation —  10*^,  corresponds  almost  exactly  to  1847,  at  which  time 
the  weight  is  66  on  the  adopted  scale.    To  give  some  idea  of  this 
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8cale»  it  will  be  sufficient  to  mention  the  five  largest  weights  used 
in  the  discussion,  viz. :  Poulkowa  1845,  Wt.  10 ;  Leiden  1867,  8 ; 
Dorpat  1824,5;  Abo  1829,  5 ;  Konigsberg  1821,4.  No  other 
catalogue,  received  a  weight  greater  than  three.  It  is  here  neces- 
sary to  bear  in  mind  that  these  weights  refer  to  the  estimated 
va^ie  of  the  respective  series  as  determinations  of  absolute  decli- 
nation. Now  if  e  be  the  probable  error  and  p  the  weight  of  the 
Normal  system  at  the  epoch  T,  and  —  the  probable  error  of  its 

annual  change,  we  shall  have  for  the  weight,  p',  of  the  system  for 
the  epoch,  T'  ; 

In  the  present  case  we  have,  p  =  66  ;  n*  =  256 ;  and  T=  1847. 
Hence  we  have  the  following  values  of  p'  for  the  respective 
Epochs :  — 


EtUnuUed  mtnge 

Spoch 

P' 

probable  error 
forzoneVto  +  Vf 

1847 

66 

dr  ".025 

1863 

83 

±    .035 

1875 

16 

dr    .05 

1885 

10 

dc    .06 

1900 

5.5 

±    .09 

Thus  the  probable  error  of  the  system  for  1875  is  twice,  and  in 
1900  three  and  one-half  times  as  great  as  in  1847.  Yet  if  we 
grant  that  the  original  weights  were  correctly  assigned,  the  weight 
for  1885  is  still  as  great  as  that  of  the  celebrated  catalogue  of 
Poulkowa  for  1845 ;  and  even  in  1900  its  value  is  exceeded  only 
by  those  of  two  catalogues  out  of  twenty-seven  employed.  But 
whatever  is  the  case  it  may  jot  be  amiss  to  repeat  that  to  have  a 
standard  catalogue,  which  is  to  be  used  as  the  basis  of  secondary 
observation,  entirely  free  from  systematic  error,  is  not  so  important 
as  that  the  error  in  question  shall  not  vary  with  abruptness  at  any 
point.  The  systematic  error  in  declination  of  Piazzi's  catalogue 
for  1800  varies  in  a  manner  so  capricious  as  to  leave  the  student 
always  in  doubt  what  share  to  attribute  to  chance  and  what  to 
real  change.  The  same  is  true  in  a  less  degree  of  other  and 
more  modern  catalogues  that  might  be  named. 

It  would  be  an  excellent  thing,  if,  through  the  simultaneous 
action  of  the  various  astronomical  societies,  some  one  standard 
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catalogue  could  be  recommended  as  the  basis  of  secondary  obser- 
Tation.  It  should  then  be  the  care  of  organized  astronomy  to 
secure  re-discussion  and  re-observation  at  proper  intervals,  either 
by  the  adoption  of  standard  researches  and  observatiops  volun- 
tarily made,  or,  failing  such,  by  procuring  special  investigations 
for  the  purpose.  By  the  use  of  such  a  catalogue  a  vast  amount 
of  talent  now  idle  could  be  utilized.  With  reasonable  skill  in  ob- 
servation, an  observer  Very  much  limited  as  to  time  and  means, 
by  devoting  himself  to  a  narrow  zone  could  be  sure  of  doing 
effective  work ;  and  —  what  is  of  equal  or  greater  importance  — 
his  results  would  be  in  the  best  possible  shape  for  use. 

Finally,  it  may  be  charged  that  the  foregoing  remarks  constitute 
a  plea  for  extensive,  organized  co-operation  among  meridian  ob- 
servers. Such  an  impression,  at  least,  I  have  desired  to  produce. 
The  work  of  determining  star  places  in  the  mass  constitutes  a 
distinct  problem;  but  the  labor  it  involves  is  too  vast  for  the 
powers  behind  any  one  instrument,  or  institution.  To  secure  in 
this  department  of  work  the  necessary  unity  of  plan  and  purpose 
which  is  essential  to  the  successful  conduct  of  physical  observa- 
tions for  any  special  end,  is  the  thing  most  needed  at  the  present 
time.  In  the  operations  of  the  zone  work  under  the  AatronoruL* 
iscke  OeseUschaft  we  have  an  effective  beginning.  It  only  remains 
that  the  force  of  this  inspiring  example  shall  not  be  lost  upon  the 
astronomical  public. 


Deterhination  of    Solar   Parallax  at  the  OpposmoNS  of 
Minor  Planets.    By  Lewis  Boss,  of  Albany,  N.  Y. 

[▲B8TRA0T.] 

The  object  of  the  paper  is  to  show :  — 

Firsts  that  the  best  method  of  observation  is  afforded  by  the 
determination  of  differences  of  right  ascension  between  stars  and 
planets  at  large  hour  angles  east  and  west  of  the  meridian. 

Second^  that  when  asteroids  approach  the  earth  within  distance 
unity,  they  furnish  the  best  of  means  for  determination  of  solar- 
parallax. 

Thirdy  that  each  year  a  number  of  small  planets  Ailfil  the 
required  conditions,  and  that  the  number  is  sufficient  to  answer 
the  most  critical  demands  for  accuracy  in  the  mean  result. 
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EXPBRIKENTAL  DbTBBMINATION  OF  THE  VbLOCITT  OF   LiGHT.     By 

Albert  A.  Michelson,  Master  U.  S.  Navy. 

INTRODUCTION. 

In  Cornu's  elaborate  memoir  upon  the  determination  of  the 
velocity  of  light,  several  objections  are  made  to  the  plan  followed 
by  Foacaalt,  which  will  be  considered  in  the  latter  part  of  this 
work.  It  may,  however,  be  stated  that  the  most  important  among 
these,  was  that  the  deflection  was  too  small  to  be  measured  with 
the  required  degree  of  accuracy. 

In  order  to  employ  this  method,  therefore,  it  was  absolutely 
necessary  that  the  deflection  should  be  increased. 

In  November,  1877,  a  modification  of  Foucaulfs  arrangement 
suggested  itself,  by  which  this  result  could  be  accomplished. 
Between  this  time  and  March  of  the  following  year,  a  number 
of  preliminary  experiments  were  performed  in  order  to  familiarize 
myself  with  the  optical  arrangements.  The  first  experiment  tried, 
with  the  revolving  mirror,  produced  a  defiection  considerably 
greater  than  that  obtained  by  Foucault. 

Thus  far,  the  only  apparatus  used  was  such  as  could  be  adapted 
frpm  the  apparatus  in  the  laboratory  of  the  Naval  Academy. 

At  the  expense  of  ten  dollars,  a  revolving  mirror  was  made, 
which  could  execute  128  turns  per  second.  The  apparatus  was 
installed  in  May,  1878,  at  the  laboratory.  The  distance  used  was 
500  feet,  and  the  defiection  was  about  twenty  times  that  obtained 
by  Foucault. 

These  experiments^,  made  under  difficulties,  and  with  very  crude 
apparatus,  gave  the  following. 


table  of  results. 

186,730 

184,500 

188,820 

186,770 

186,330 

185,000 

185,330 

185,800 

187,900 

187,940 

Mean        186,500  d=  300  miles  per  second. 

In  the  following  July,  the  sum  of  $2000  was  placed  at  my 
disposal  for  carrying  out  these  experiments  on  a  large  scale. 

1  See  Proo.  Am.  Assoc.  Ady.  Science,  St.  Louis  meeting. 
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Before  ordering  any  of  the  instruments,  however,  it  was  neces- 
sary to  find  whether  or  not,  it  was  practicable  to  nse  a  large 
distance.  With  a  distance  (between  the  revolving  and  the  fixed 
mirror)  of  500  feet  in  the  preliminary  experiments,  the  field  of 
light  in  the  eye-piece,  was  somewhat  limited,  and  there  was  con- 
siderable Indistinctness  In  the  image,  due  to  atmospheric  disturb- 
ances. 

Accordingly,  the  same  lens  (39  feet  focus)  was  employed,  being 
placed,  together  with  the  other  pieces  of  apparatus,  along  the  north 
sea-wall  of  the  Academy  grounds ;  the  distance  being  about  2000 
feet.  The  image  of  the  slit,  at  12  m.,  was  so  conAised  as  not  to 
be  recognizable,  but  towards  sunset  it  became  clear  and  steady 
and  measurements  were  made  of  its  position  which  agreed  within 
one  one-hundredth  of  a  millimeter.  It  was  thus  demonstrated 
that  with  this  distance,  and  a  deflection  of  one  hundred  milli- 
meters, this  measurement  could  be  made  accurate  to  the  ten- 
thousandth  part. 

In  order  to  obtain  this  deflection  it  was  sufficient  to  make  the 
mirror  revolve  250  times  per  second  and  to  use  a  ^^ radius"  of 
about  30  feet.  In  order  to  use  this  large  radius  (distance  from 
slit  to  revolving  mirror),  it  was  necessary  that  the  mirror  should 
be  large,  and  optically  true.  Also,  that  the  lens  should  be  large 
and  of  great  focal  length.  Accordingly,  the  mirror  was  made  1^ 
inches  in  diameter ;  and  the  lens,  8  inches  in  diameter,  with  a  focal 
length  of  150  feet. 

In  January,  1879,  an  observation  was  taken,  using  the  old  lens, 
the  mirror  making  128  turns  per  second.  The  deflection  was 
about  43  millimeters.  The  micrometer  eye-piece  used  was  sub- 
stantially the  same  as  Foucault's,  except,  that  part  of  the  inclined 
plate  of  glass  was  silvered,  thus  securing  a  much  greater  quantity 
of  light.  The  deflection  having  reached  43  millimeters,  the  in- 
clined plate  of  glass  could  be  dispensed  with,  the  light  going  past 
the  observer's  head,  through  the  slit,  and  returning  43  millimeters 
to  the  left  of  the  slit,  where  it  could  be  easily  obseiTed.  Thus 
the  micrometer  eye-piece  is  much  simplified  and  many  possible 
sources  of  error  are  removed. 

The  field  was  quite  limited,  the  diameter  being,  in  fact,  but 
little  greater,  than  the  width  of  the  slit.  This  would  have  proved 
a  most  serious  objection  to  the  new  arrangement.  With  the  new 
lens,  however,  this  difficulty  disappeared,  the  field  being  about 
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twenty  times  the  width  of  the  slit.    It  was  expected  that,  with 
the  new  lens,  the  image  would  be  less  distinct ;  but  the  difference^ 

if  any,  was  small,  and  was  fully 
compensated  by  the  gi*eater  size 
of  the  field. 

The  first  observation,  with  Uie 
new  lens,  was  made  January  SO, 
1879.  The  deflection  was  70  mil- 
limeters. The  image  was.  suffi- 
ciently bright  to  be  observed  with- 
out the  slightest  effort.  The  first 
observation  with  the  new  microm- 
eter eye-piece  was  made  April 
2nd,  the  deflection  being  115  milli- 
meters. The  first  of  the  final  se- 
ries of  observations  was  made  on 
June  5th.  All  the  observations 
previous  to  this,  thirty  sets,  in  all, 
were  rejected.  After  this  time,  no 
set  of  observations,  nor  any  single 
observation,  was  omitted. 

THEORY  OF  NEW  METHOD. 

Let  S,  Fig.  1,  be  a  slit  through 
which  light  passes,  falling  on  i?,  a 
mirror  free  to  rotate  about  an  axis 
at  right  angles  to  the  plane  of  the 
paper;  X,  a  lens  of  great  focal 
length,  upon  which  the  light  falls 
which  is  reflected  from  B,  Let  3i 
be  a  plane  mirror  whose  surface  is 
perpendicular  to  the  line  M  M^ 
passing  through  the  centers  of 
B  L  and  3f,  respectively.  If  L 
be  so  placed  that  an  image  of  S 
is  formed  on   the  surface  of  if, 

then  this  image  acting  as  the  object,  its  image  will  be  found  at 

/S,  and  will  coincide  point  for  point  with  S. 

If  now,  R  be  turned  about  the  axis,  so  long  as  the  light  falls 

upon  the  lens,  an  image  of  the  slit  will  still  be  formed  on  the 
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surface  of  the  mirror,  though  on  a  different  part,  and  as  long  as 
•the  returning  light  falls  on  the  lens,  an  image  of  this  image  will 
be  formed  at  S^  notwithstanding  the  change  of  position  of  the 
first  image,  at  M.  This  result, 
namely,  the  production  of  a 
stationary  image  of  an  image 
in  motion  is  absolutely  nec- 
essary in  this  method  of  ex- 
periment. It  was  first  accom- 
plished by  Foucault,  and  in  a 
manner  differing,  apparently, 
but  little  from  the  foregoing. 

In  this  case  L,  Fig.  2,  served 
simply  to  form  the  image  of  S 
at  My  and  3f,  the  returning 
mirror,  was  spherical,  the  cen- 
ter coinciding  with  the  axis  of 
S.  The  lens,  Z,  was  placed 
as  near  as  possible  to  B,  The 
light  forming  the  return  image 
lasts,  in  this  case,  while  the 
first  image  is  sweeping  over 
the  face  of  the  mirror,  M, 
Hence,  the  greater  the  dis- 
tance, R  My  the  larger  must 
be  the  mirror,  in  order  that 
the  same  amount  of  light  may 
be  preser\'ed,  and  its  dimen- 
sions would  soon  become  inor- 
dinate. * 

The  difficulty  was  partly 
met  by  Foucault  by  using  five 
concave  refiectors  instead  of 
one,  but  even  then,  the  great- 
est distance  he  found  it  prac- 
ticable to  use  was  only  20 
meters. 

Returning  to  Fig.  1,  suppose  that  R  is  in  the  principal  focus 
of  the  lens,  L ;  then,  if  the  plane  mirror,  My  have  the  same  di- 
ameter as  the  lens,  the  first,  or  moving  image  will  remain  upon 
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M^  as  long  as  the  axis  of  the  pencil  of  light  remains  on  the  lens, 
and  ihiz  will  be  the  case  no  matter  what  the  distance  may  he. 

When  the  rotation  of  the  mirror,  R^  becomes  sufficiently  rapid, 
then  the  flashes  of  light  which  produce  the  second,  or  stationary 

image,  become  blended, 
so  that  the  image  ap- 
pears to  be  continuous. 
But,  now,  it  no  longer 
coincides  with  the  slit, 
but  is  deflected  in  the 
direction  of  rotation, 
and  through  twice  the 
angular  distance  de- 
scribed by  the  mirror, 
during  the  time  re- 
quired for  light  to 
travel  twice  the  dis- 
tance between  the  mir- 
rors. This  displace- 
ment is  measured  by 
the  tangent  of  the  arc 
it  subtends.  To  make 
this  as  large  as  pos- 
sible, the  distance  be- 
tween the  mirrors,  the 
radius,  and  the  speed 
of  rotation  should  be 
made  as  great  as  pos- 
sible. 

The  second  condi- 
tion conflicts  with  the 
first,  for  the  radius  is 
the  difference  between 
the  focal  length  for  par- 
allel rays,  and  that  for 
rays  at  the  distance  of  the  fixed  mirror.  The  greater  the  dis- 
tance, therefore,  the  smaller  will  be  the  radius. 

There 'are  two  ways  of  solving  the  difficulty:  first,  by  using 
a  lens  of  great  focal  length;  and  secondly,  by  placing  the  re- 
volving mirror  within  the  principal  focus  of  the  lens.      Both 
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means  were  employed.  The  focal  length  of  the  lens  was  150 
feet,  and  the  mirror  was  placed  about  15  feet  within  the  principal 
focas.  A  limit  is  soon  reached,  however,  for  the  quantity  of  light 
received  diminishes  very  rapidly  as  the  revolving  mirror  approaches 
the  lens. 

ABBANGEMENT  AND  DESCBIPTION  OF  APPARATUS. 

Site  and  Flan.   The  site  selected  for  the  experiments  was  a  clear, 
almost  level  stretch  along  the  north  sea-wall  of  the  Naval  Academy. 

A  frame  building  was  erected  at  the  western  end  of  the  line,  a 
plan  of  which  is  represented  in  Fig.  3. 

s 


a 

FlO.4. 

The  building  was  45  feet  long  and  14  feet  wide,  and  raised  so 
that  the  line  along  which  the  light  travelled  was  about  11  feet 
above  the  ground.  A  heliostat  at  H  reflected  Hxe  sun's  rays 
through  the  slit  at  Sj  to  the  revolving  mirror,  R^  thence  through 
a  hole  in  the  shutter,  through  the  lens  and  to  the  distant  mirror.* 

T?ie  HdioBtat.  The  heliostat  was  one  kindly  furnished  by  Dr. 
Woodward,  of  the  Army  Medical  Museum,  and  was  a  modification 
of  Foucault's  form,  designed  by  Keith.  It  was  found  to  be  accu- 
rate and  easy  to  adjust. 

The  light  was  reflected  from  the  heliostat  to  a  plane  mirror,  Jlf, 
Fig.  3,  so  that  the  former  need  not  be  disturbed  after  being  once 
adjusted. 

A.  A.  A.  S.,  VOL.  XXVm.  9 
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The  Revolving  Min'or.  The  revolving  mirror  was  made  by 
Fauth  &  Co.,  of  Washington.  It  consists  of  a  cast  iron  frame 
resting  on  three  levelling  screws,  one  of  which  was  connected  by 


K 


■^^.i. 


A 

X 


p 


B 


iC 


Miq^S^ 


cords  to  the  table  at  >S,  Fig;  3,  so  that  the  mirror  could  be  inclined 
forward  or  backward,  while  making  the  observations. 
Two  binding  screws,  S^  S^  Fig.  4,  terminating  in  hardened  steel 


Digitized  by  VjOOQ IC 


BT  ALBERT   ▲.   MICHELSON.  181 

conical  sockets,  hold  the  revolving  part.  This  consists  of  a  steel 
axle,  X,  F,  Fig.  5,  the  pivots  being  conical,  and  hardened.  The 
axle  expands  into  a  ring  at  22,  which  holds  the  mirror,  M. 

The  latter  was  a  disc  of  plane  glass,  made  by  Alvan  Clark  & 
Sons,  about  1^  inch  in  diameter  and  0.2  inch  thick.  It  was  sil- 
vered on  one  side  only,  the  reflection  taking  place  from  the  outer 
or  front  surface.  A  species  of  turbine  wheel,  T,  is  held  on  the  * 
axle  by  friction.  This  wheel  has  six  openings  for  the  escape  of 
air:  a  section  of  one  of  them  is  represented  in  Fig.  6.  The  air 
entering  on  one  side  at  0,  Fig.  5,  acquires  a  rotary  motion  in  the 
box,  B,  B,  carrying  the  wheel  with  it,  and  this  motion  is  assisted 
by  the  reaction  of  the  air  in  escaping. 

Adjustment  of  the  Revolving  Mirror.     The  disc  C  serves  the 


rio.7. 

purpose  of  bringing  the  center  of  gravity  in  the  axis  of  rotation. 
This  was  done,  following  Foucault's  plan,  by  allowing  the  pivots 
to  rest  on  two  inclined  planes  of  glass,  allowing  the  arrangement 
to  come  to  rest,  and  filing  away  the  lowest  part  of  the  disc; 
trying  again,  and  so  on,  till  it  would  rest  in  indifferent  equilibrium. 

The  part  corresponding  to  C,  in  Foucault's  apparatus  was  fur- 
nished with  three  vertical  screws,  by  moving  which  the  axis  of 
figure  was  brought  into  coincidence  with  the  axis  of  rotation. 
This  adjustment  was  very  troublesome.  Fortunately  in  this  ap- 
paratus it  was  found  to  be  unnecessary.' 

When  the  adjustment  is  perfect  the  apparatus  revolves  without 
giving  any  sound,  and  when  this  is  accomplished  the  motion  is 
regular  and  the  speed  great.    A  slight  deviation  causes  a  sound 
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due  to  the  rattling  of  the  pivots  in  the  sockets,  the  speed  is  very 
much  diminished,  and  the  pivots  begin  to  wear.  In  Foucaalt's 
apparatus  oil  was  furnished  to  the  pivots,  through  small  holes 
running  through  the  screws,  by  pressure  of  a  colunfn  of  mercury. 
In  this  apparatus  it  was  found  sufficient  to  touch  the  pivots  oo* 
casionally  with  a  drop  of  oil. 

Fig.  7  is  a  view  of  the  turbine,  box,  and  supply-tube,  fh)m 
above.    The  quantitity  of  air  entering  could  be  regulated  by  a 


FlO.8. 

valve  to  which  was  attached  a  cord  leading  to  the  observer's 
table. 

The  instrument  was  mounted  on  a  brick  pier. 

The  Micrometer.  The  apparatus  for  measuring  the  deflection 
was  made  by  Grunow  of  New  York. 

This  instrument  is  shown  in  perspective  in  Fig.  8,  and  in  plan 
by  Fig.  9.  The  adjustable  slit,  S,  is  clamped  to  the  frame,  F.  A 
long  millimeter-screw,  not  shown  in  Fig.  8,  terminating  in  the  di- 
vided head,  J9,  moves  the  carriage,  (7,  which  supports  the  eye-piece, 
E.    The  f^ame  is  furnished  with  a  brass  scale  at  jP,  for  counting 
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revolutioni^  the  head  counting  hundredths.  The  eye-piece  con« 
sists  of  a  single  achromatic  lens,  whose  focal  length  is  about  two 
inches. 

At  its  focus,  in  H^  and  in  nearly  the  same  plane  as  the  surface 
of  the  slit,  is  a  single  vertical  silk  fiber.  The  apparatus  is  fur- 
nished with  a  standard,  with  rack  and  pinion,  and  the  base  furnished 
with  levelling  screws. 

Manner  of  using  the  Micrometer.  In  measuring  the  deflection, 
the  eye-piece  is  moved  till  the  cross-hair  bisects  the  slit,  and  the 
reading  of  the  scale  and  divided  head  gives  the  position.  This 
measurement  need  not  be  repeated  unless  the  position  or  width  of 
the  slit  is  changed.  Then  the  eye-piece  is  moved  till  the  cross- 
hair bisects  the  deflected  image  of  the  slit ;  the  readings  of  scale 
and  head  are  again  taken,  and  the  difl'erence  in  readings  gives 
the  deflection.  The  screw  was  found  to  have  no  lost  motion, 
so  that  readings  could  be  taken  with  the  screw  turned  in  either 
direction. 

Measurement  of  Speed  of  Rotation.  To  measure  the  speed  of 
rotation,  a  tuning  fork,  bearing  on  one  prong  a  steel  mirror,  was 
used. 

This  was  kept  in  vibration  by  a  current  of  electricity  from  flve 
^'gravity"  cells.  The  fork  was  so  placed  that  the  light  from  the 
revolving  mirror  was  reflected  to  a  piece  of  plane  glass,  in  front 
of  the  lens  of  the  eye-piece  of  the  micrometer,  inclined  at  an 
angle  of  45*,  and  thence  .to  the  eye.  When  fork  and  revolving 
mirror  are  both  at  rest,  an  image  of  the  revolving  mirror  is  seen. 
When  the  fork  vibrates,  this  image  is  drawn  out  into  a  band  of 
light.  When  the  mirror  commences  to  revolve,  the  band  breaks 
up  into  a  number  of  moving  images  of  the  mirror;  and  when, 
finally,  the  mirror  makes  as  many  turns  as  the  fork  makes  vibra- 
tions, these  images  are  reduced  to  one,  which  is  stationary.  This 
is  also  the  case  when  the  number  of  turns  is  a  submultiple.  When 
it  is  a  multiple  or  simple  ratio,  the  only  difference  is  that  there  are 
more  images.  Hence  to  make  the  mirror  execute  a  certain  number 
of  turns,  it  is  simply  necessary  to  pull  the  cord  attached  to  the 
valve,  to  the  right  or  left,  till  the  images  of  the  revolving  mirror 
come  to  rest. 

The  electric  fork  made  about  128  vibrations  per  second.  No 
dependence  was  placed  upon  this  rate,  however,  but  at  each  set 
of  observations  it  is  compared  with  a  standard  Ut,  fork,  the  tem- 
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perature  being  noted  at  the  same  time.  In  making  the  comparison, 
the  sound-beats  produced  by  the  forks  were  counted  for  60  seconds. 
It  is  interesting  to  note  that  the  electric  fork,  as  long  as  it  re- 
mained untouched,  and  at  the  same  temperature,  did  not  change 
its  rate  more  than  one  or  two  hundredths  vibrations  per  second. 


The  Observer's  Table.  Fig.  9  represents  the  table  at  which  the 
observer  sits.  The  light  from  the  heliostat  passes  through  the 
slit  at  /S,  goes  to  the  revolving  mirror,  etc.,  and  on  its  return 
forms  an  image  of  the  slit  at  J9,  which  is  obsei*ved  through  the 
eye-piece. 

E  represents  the  electric  fork  (the  prongs  being  vertical)  bear- 


Digitized  by  VjOOQ  IC 


BT  ALBERT  A.   HICHELSON.  185 

ing  the  steel  mirror  M,  K  is  the  standard  fork  on  its  resonator. 
C  is  the  cord  attached  to  the  valve  supplying  air  to  the  turbine. 

The  Lens,  The  lens  was  made  by  Alvan  Clark  &  Sons.  It 
was  8  inches  in  diameter ;  focal  length  150  feet ;  not  achromatic. 
It  was  mounted  in  a  wooden  frame,  which  was  placed  on  a 
support  moving  on  a  slide,  about  16  feet  long,  placed  about  80 
feet  from  the  building.  As  the  diameter  of  the  lens  was  so  small 
in  comparison  with  its  focal  length,  its  want  of  achromatism 
was  inappreciable.  For  the  same  reason  the  effect  of  ^^  parallax  *' 
(doe  to  want  pf  coincidence  in  the  plane  of  the  image  with  that 
of  the  silk  fiber  in  the  eye-piece)  was  too  small  to  be  noticed. 

The  Fixed  Mirror.  The  fixed  mirror  was  one  of  those  used  in 
taking  photographs  of  the  transit  of  Venus.  It  was  about  7 
inches  in  diameter,  mounted  in  a  brass  frame,  capable  of  adjust- 
ment in  a  vertical  and  a  horizontal  plane,  by  screw  motion. 
Being  prismatic,  it  had  to  be  silvered  on  the  front  surface.  To 
facilitate  adjustment,  a  small  telescope,  furnished  with  cross-hairs, 
was  attached  to  the  mirror  by  a  universal  joint.  The  heavy  frame 
was  mounted  on.  a  brick  pier,  and  the  whole,  surrounded  by  a 
wooden  case,  to  protect  it  from  the  sun. 

Adjustment  of  the  Fixed  Mirror.  The  adjustment  was  effected 
as  follows :  A  theodolite  was  placed  at  about  one  hundred  feet  in 
front  of  the  mirror,  and  the  latter  was  moved  about  by  the  screws 
till  the  observer  at  the  theodolite  saw  the  image  of  his  telescope 
reflected  in  the  center  of  the  mirror.  Then  the  telescope  attached 
to  the  mirror  was  pointed  (without  moving  the  mirror  itself)  at  a 
mark  on  a  piece  of  cardboard  attached  to  the  theodolite.  Thus 
the  line  of  collimation  of  the  telescope  was  placed  at  right  angles 
to  the  surface  of  the  mirror.  The  theodolite  was  then  moved  to 
one  thousand  feet,  and,  if  found  necessary,  ^e  adjustment  was 
repeated.  Then  the  mirror  was  moved  by  the  screws  till  its 
telescope  pointed  at  the  hole  in  the  shutter  of  the  building.  The 
adjustment  was  completed  by  moving  the  mirror,  by  signals,  till 
the  observer,  looking  through  the  hole  in  the  shutter  through  a 
good  spy-glass,  saw  the  image  of  the  spy-glass  reflected  centrally 
in  the  mirror. 

The  whole  operation  was  completed  in  a  little  over  an  hour. 

Notwithstanding  the  wooden  case  about  the  pier,  the  mirror 
woald   change  its  position   between  morning  and  evening;   so 
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that  the  last  adjustment  had  to  be  repeated  before  every  series  of 
experiments. 

Apparatus  for  supplying  and  regulating  the  blast  of  air.  Fig.  10 
represents  a  plan  of  the  lower  floor  of  the  buildings  JB  is  a  three 
horse  power  Lovegrove  engine  and  boiler,  resting  on  a  stone  foun- 
dation; By  a  small  Root's  blower;   (?,  an  automatic  regulator. 

From  this,  the  air  goes  to  a  de- 
livery pipe,  up  through  the  floor, 
and  to  the  turbine.  The  engine 
made  about  four  turns  per  sec- 
ond, and  the  blower,  about  fif- 
teen. At  this  speed  the  pres- 
sure of  the  air  was  about  half  a 
pound  per  square  inch. 

The  regulator.  Fig.  11,  con- 
sists of  a  strong  bellows,  sup- 
porting a  weight  of  370  pounds, 
partly  counterpoised  by  80 
pounds  in  order  to  prevent  the  bellows  from  sagging.  When  the 
pressure  of  air  from  the  blower  exceeds  the  weight,  the  bellows 
commences  to  rise,  and  in  so  doing,  closes  the  valve,  F. 

This  arrangement  was  found  in  practice  to  be  insufficient,  and 
the  following  addition  was  made :  A  valve  was  placed  at  P,  and 
the  pipe  was  tapped  a  little  farther  on,  and  a  rubber  tube,  led  to 
a  water  gauge,  Fig.  12.  The  column  of  water  in  the  smaller  tube 
is  depressed  and  when  it  reaches  the  horizontal  part  of  the  tube, 
the  slightest  variation  of  pressure  sends  the  column  from  one  end 
to  the  other.  This  is  checked  by  an  assistant  at  the  valve ;  so 
that  the  column  of  water  is  kept  at  about  the  same  place,  and 
the  pressure,  thus  rendered  very  nearly  constant.  The  result 
was  satisfactory,  though  not  in  the  degree  anticipated. 

It  was  possible  to  keep  the  mirror  at  a  constant  speed  for  three 
or  four  seconds  at  a  time,  and  this  was  sufficient  for  an  observa- 
tion. Still  it  would  have  been  more  convenient  to  keep  it  so  for 
a  longer  time. 

I  am  inclined  to  think  that  the  variations  were  due  to  changes 
in  the  friction  of  the  pivots,  rather  than  to  changes  of  pressure 
of  the  blast  of  air. 
It  may  be  mentioned  that  the  test  of  uniformity  was  very  deli- 
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cate,  as  a  change  of  speed  of  one  or  two  hundredths  of  a  torn  per 
second  ooold  easily  be  detected. 

Method  foUawed  in  experiment.    It  was  found  that  the  only 
time  during  the  day  when  the  atmosphere  was  suflSciently  quiet 


to  get  a  distinct  image  was  during  the  hour  after  sunrise,  or 
during  the  hour  before  sunset.  At  other  times  the  image  was 
^^  boiling,"  so  as  not  to  be  recognizable.  In  one  experiment  the 
electric  light  was  used,  at  night,  but  the  image  was  not  more  dis- 
tinct than  at  sunset,  and  the  light  was  not  steady. 
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The  method  followed  in  experiment  was  as  follows :  The  fire 
was  started  half  an  hour  before,  and  by  the  time  everything  was 
ready,  the  gauge  would  show  40  or  50  pounds  of  steam.  The 
mirror  was  adjusted  by  signals,  as  before  described.  The  helio- 
stat  was  placed  and  adjusted.  The  revolving  mirror  was  inclined 
to  the  right  or  left,  so  that  direct  reflection  of  light  fVom  the  slit 
fell  either  above  or  below  the  eye-piece*. 

The  revolving  mirror  was  then  adjusted  by  being  moved  about, 
and  inclined  forward  and  backward,  till  the  light  was  seen  re- 
flected back  from  the  distant  mirror.  This  light  was  easily  seen 
through  the  coat  of  silver  on  the  mirror. 

The  distance  between  the  front  face  of  the  revolving  mirror  and 
the  cross-hair  of  the  eye-piece  was  then  measured  by  stretching 
from  one  to  the  other  a  steel  tape,  making  the  drop  of  the  cate- 
nary about  an  inch ;  as  then,  the  error  caused  by  the  stretch  of 
the  tape,  and  that  due  to  the  curve,  just  counterbalance  each  other. 

The  position  of  the  slit,  if  not  determined  before,  was  then  found 
as  before  described.  The  electric  fork  was  started,  the  temperature 
noted,  and  the  standard  fork  counted  for  60  seconds.  This  was 
repeated  4wo  or  three  times  before  every  set  of  observations. 
The  eye-piece  of  the  micrometer  was  then  set  approximately^, 
and  the  revolving  mirror  started.  If  the  image  did  not  appear, 
the  mirror  was  inclined  forward  or  backward  till  it  came  in 
sight. 

The  cord  connected  with  the  valve  was  pulled  right  or  left  till 
the  images  of  the  revolving  mirror,  represented  by  the  two  round 
bright  spots  to  the  left  of  the  cross-hair,  came  to  rest.  Then  the 
screw  was  turned  till  the  cross-hair  bisected  the  deflected  image 
of  the  slit.  This  was  repeated  till  ten  observations  were  taken, 
when  the  mirror  was  stopped,  temperature  noted,  and  beats  counted. 
This  was  called  a  set  of  observations.  Usually  five  sets  were  taken 
morning  and  evening. 

*  Otherwise  this  light  would  oyerpower  that  which  forms  the  image  to  be  observed. 
As  far  as  I  am  aware,  Foucault  does  not  speak  of  this  difficulty.  If  he  aUowed  this 
light  lo  Interfere  with  the  brightness  of  the  image,  he  neglected  a  most  obvious  advan^ 
tage.  If  he  did  incline  the  axis  of  the  mirror  to  the  right  or  left,  he  makes  no  aUowanoe 
for  the  error  thas  introduced. 

*  The  deflection  being  measured  by  its  tangent,  it  was  necessary  thatihe  scale  should 
be  at  right  angles  to  the  radius  drawn  ft-om  the  mirror  to  one  or  the  other  end  of  Uiat 
part  of  the  scale  which  represents  this  tangent.  This  was  done  by  setting  the  eye-piece 
approximately  to  the  expected  deflection,  and  turning  the  whole  micrometer  about  a 
vertical  axis,  till  the  cross-hair  bisected  the  circular  fleld  of  light  reflected  from  the 
revolving  mirror.  The  axis  of  the  eye-piece  being  at  right  angles  to  the  scale,  the 
latter  would  be  at  right  angles  to  radius  drawn  to  the  cross-hair. 
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Comparison  of  the  steel  tape  with  the  Standard  Yard.  The 
steel  tape  used  was  one  of  Chesterman's,  100  feet  long.  It  was 
compared  with  Wurdemann's  copy  of  the  standard  yard,  as  follows : 
Temperatnre  was  55^  Fahr. 

The  standard  yard  was  brought  under  the  microscopes  of  the 
comparator ;  the  cross-hair  of  the  unmarked  microscope  was  made 
to  bisect  the  division  marked  0,  and  the  cross-hair  of  the  micro- 
scope marked  J,  was  made  to  bisect  the  division  marked  36.  The 
reading  of  microscope,  J,  was  taken,  and  the  other  microscope 
was  not  touched  during  the  experiment.  The  standard  was  then 
removed  and  the  steel  tape  brought  under  the  microscopes  and 
moved  along  till  the  division  marked  0.1  (feet)  was  bisected  by 
the  cross-hair  of  the  unmarked  microscope.  The  screw  of  micro- 
scope, /,  was  then  turned  till  its  cross-hair  bisected  the  division 
marked  3.1  (feet),  and  the  reading  of  the  screw  taken.  The  dif- 
ference between  the  original  readings  and  that  of  each  measure- 
ment was  taken,  care  being  taken  to  regard  the  direction  in  which 
the  screw  was  turned  ^nd  this  gave  the  difference  in  length  be- 
tween the  standard  and  each  successive  portion  of  the  steel  tape, 
in  terms  of  turns  of  the  micrometer  screw. 

To  find  the  value  of  one  turn,  the  cross-hair  was  moved  over  a 
millimeter  scale,  and  the  following  were  the  values  obtained. 

Turns  of  screw  of  microscope,  7,  in  1  millimeter. 


7.68 

7.73 

7.60 

7.67 

7.68 

7.62 

7.65 

7.57 

7.72 

7.70 

7.64 

7.69 

7.65 

7.59 

7.63 

7.64 

7.55 

7.65 

7.61 

7.63 

Mean  =  7.65 
Hence  one  tum= 0.1367  mm. 
or  =  0.0051  inch. 
The  length  of  the  steel  tape  from  0.1  to  99.1  was  found  to  be 
greater  than  33  yards,  by  7.3  turns =.96  mm.z= 

=  +.003  feet. 
Correction  for  temperature  ==  +.003  feet. 
Length  =  100.000  feet. 

Corrected  length  =  100.006  feet. 
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Determination  of  the  value  of  Micrometer.  Two  pairs  of  lines 
were  scratched  on  one  side  of  the  slit,  about  38  millimeters  apart, 
i.  e.j  iQrom  the  center  of  first  pair  to  center  of  second  pair.  This 
distance  was  meaaored  at  intervals  of  a  millimeter  through  the 
whole  length  of  the  screw,  by  bisecting  the  two  pairs  by  the  ver- 
tical silk  fiber  at  the  end  of  the  eye-piece.  With  these  values  a 
curve  was  constructed  which  gave  the  following  values  for  this* 
distance  which  we  shall  call  D. 
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Changing  the  form  of  this  table,  we  find  that  for  the  first  ten 
turns  the  average  value  of  D  is  38.155 

For  the  first  20  turns,    38.153 
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it 

it 

90 

it 

38.142 

it 

it 

100 

it 

38.140 

u 

it 

110 

it 

38.138 

it 

it 

120 

it 

38.135 

u 

it 

130 

it 

38.132 

it 

ii 

140 

it 

38.130 

On  comparing  the  scale  with  the  standard  meter,  the  tempera- 

re  being  16^  5  C, 

140  divisions 

were 

found  to  =139.462  mUU- 
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meters.    This  multiplied  by  (1  -f  .0000188  X  16.5)  =  189.505  mm. 
140  divisions  were  fonnd  to  be  equal  to  140.022  tarns  of  the 
screw,  whence  140  ttirns  of  the  screw  ==  139.483  millimeters. 
I    .4«      c(     ((      u     --     0.996805  "  " 
This  is  the  average  valne  of  one  turn  in  140. 
But  the  average  value  of  2),  for  140  turns  is,  from  the  preceding 
table,  88.180. 

Therefore,  the  true  value  of  2>,  is  38.180  X  .896805  millimeters, 
and  the  average  value  of  one  turn  for  10,  20,  80,  etc.,  turns,  is 
found  by  dividing  88.180  X  .996805  by  the  values  of  D,  given  in 
the  table. 

This  gives  the  value  of  a  turn 
for  the  first    10  turns  =  0.99570  mm. 
"     "      *«     20     "     =0.99570    " 


80 

(( 

=  0.99573 

40 

(( 

=  0.99579 

50 

<i 

=  0.99580 

60 

« 

=  0.99583 

70 

t( 

=  0.99589 

80 

M. 

-=  0.99596 

90 

« 

=  0.99601 

100 

(( 

=  0.99606 

110 

« 

=  0.99612 

120 

t( 

=  0.99618 

130 

CC 

=  0.99625 

140 

i( 

=  0.99630 

[Note.]  The  micrometer  has  been  sent  to  Prof.  Mayer  of 
Hoboken,  to  test  the  screw  again,  and  to  find  its  value.  The 
steel  tape  has  been  sent  to  Prof.  Rogers  of  Cambridge,  to  find  its 
length  again. 

Measurement  of  the  Distance.  Square  lead  weights  were  placed 
along  the  line,  and  measurements  taken  from  the  forward  side  of 
one  to  forward  side  of  the  next.  The  tape  rested  on  the  ground 
(which  was  very  nearly  level)  and  was  stretched  by  a  constant 
force  of  10  pounds. 

The  correction  for  length  of  the  tape  (100.006)  was  -f  0.12  feet. 
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To  correct  for  the  stretch  of  the  tape,  the  latter  was  stretched 
with  a  force  of  15  pounds  and  the  change  of  position  at  intervals 
of  20  feet,  measui*ed  by  a  millimeter  scale. 

At  100  feet  the  stretch  was  8  millimeters. 


((  80  "  '*  "  "  5 

tt  60  "  "  "  "  5 

c(  4Q  c(  a  u  a  3  5 

u  20  "  "  "  "  1.5 


800  23.00 

Weighted  mean  =7.7 
For  10  pounds,  stretch  =  5.1 

=  0.0167  feet. 
Correction  for  whole  distance  = -f- 0.38       *' 

The  following  are  the  values  obtained  from  five  separate  meas- 
urements : 

1985.18  feet  Allowance  made  in  each 

1985.17    "  case  for  effect  of  tem- 

1984.93    "  perature. 

1985.09    " 
1985.09    " 


Mean  =1985.082" 

-f-.70    Cap  of  pier  to  revolving  mirror. 
-{-.83    Cor.  for  stretch  ol  tape. 
+■12  .    "      "  length    "     " 
1986.23    True  distance  between  mirrors. 

Bate  of  Standard  Ut^  Fork.  The  rate  of  the  standard  Ut,  fork 
was  found  at  the  Naval  Academy,  but  as  so  much  depended  on  its 
accuracy  another  series  of  determinations  of  its  rate  was  made 
together  with  Prof.  Mayer  at  the  Hoboken  Institute  of  Technology. 

First  determination.  The  fork  was  armed  with  a  tip  of  copper 
foil,  which  was  lost  during  the  experiments  and  replaced  by  one 
of  platinum  having  the  same  weight,  4.6  mgr.  The  fork,  on  its 
resonator,  was  placed  horizontally,  the  platinum  tip  just  touching 
the  lamp-blacked  cylinder  of  a  Schultze  chronoscope.  The  time 
was  given  either  by  a  siderial  break-circuit  chronometer,  or  by  the 
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break-circuit  pendalum  of  a  mean-time  clock.  In  the  former  case, 
the  break-circuit  worked  a  relay  which  interrupted  the  current 
from  three  Grove  cells*  The  spark  from  the  secondary  coil  of  an 
inductorium  was  delivered  from  a  wire  near  the  tip  of  the  fork. 
Frequently  two  sparks  near  together  were  given,  in  which  case 
the  first  alone  was  used.  The  rate  of  the  chronometer,  the  record 
of  which  was  kept  &t  the  Observatory,  was  very  regular,  and 
was  found  by  observations  of  transits  of  stars  during  the  week 
to  be -f- 1.3  seconds  per  day,  which  is  the  same  as  the  recorded 
rate. 

Specimen  of  a  determination  of  Rate  of  Ut,  fork. 

July  4,  1879.  Temp.  =  27**(7. 

1  0.1        2552.0  Column  1  gives  the  num- 

2  255.3        2551.7        ber  of  the  spark  or  the  num- 

3  510.5        2551.9        ber  of  the  second. 

4  765.6        2551.9  Column  2  gives  the  num- 

5  1020.7  2552.1  ber  of  sinuosities  or  vibra- 

6  1275.7  2552.0  tions  at  the  corresponding 

7  1530.7  2551.8  second. 

8  1786.5  2551.4  Column  3  gives  the  differ- 

9  2041.6  2551.7  ence  between  1  and  11,  2 

10  2297.0  2551.5        and  12,  3  and  13,  etc. 

11  2552.1  255.180     Mean -MO. 

1 2  2807.0  -f-  .669=  Reduction  for  mean  time. 

13  3062.4  4-  .003=  Correction  for  rate. 

14  3317.5  -j-.187=  Correction  for  temperature.     . 

15  3572.8  256.069=  No.  of  vibrations  per  second. 

16  3827.7  at65*'Fahr. 

17  4082.5 

18  4335.9  : 

19  4593.3 

20  4848.5 

The  correction  for  temperature  was  found  by  Prof.  Mayer  by 
counting  the  sound  beats  between  the  standard  and  another  Ut, 
fork,  at  different  temperatures.    His  result  is -|-  .012  vibrations  per 
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second,  for  a  dimination  of  1^  Fahr.    Using  the  same  method 
I  arrived  at  the  result  -f-  .0125.    Adopted  +  .012. 

Resume  of  first  DeterminaUon.  In  the  fallowing  table,  the  first 
column  gives  the  date,  the  second  gives  the  total  number  of 
seconds,  the  third  gives  the  result  uncorrected  for  temperature, 
the  fourth  gives  the  temperature  centigrade,  the  fifth  gives  the 
final  result,  and  the  sixth,  the  difference  between  the  greatest  and 
least  values. 

July  4  20  266.882  27.0  256.069  0.07 

"     5  19  255.915  26.4  256.089  0.05 

"    5  18  255.911  26.0  256.077  0.02 

"     6  21  265.874  24.7  256.012  0.13 

"     6  9  255.94^  24.8  255.087  0.24 

"     7  22  255.938  24.6  256.074  0.05 

"    7  21  265.911  25.3  256.061  0.04 

''    8  20  256.921  26.6  256.100  0.02 

"    8  20  255.906  26.6  256.084  0.06 

"    8  20  255.887  26.6  266.066  0.03 
Mean  =  256.072 

In  one  of  the  preceding  experiments,  I  compared  the  two  Uty 
forks,  while  the  standard  was  tracing  its  record  on  the  cylinder, 
and  also  while  it  was  in  position  as  for  use  in  the  observations. 
The  difference,  if  any,  was  less  than  .01  vibration  per  second. 

Second  Determination.  Joint  work  with  Professor  A.  M.  Mayer, 
Stevens  Institute,  Hoboken. 

The  fork  was  wedged  into  a  wooden  support,  and  the  platinum 
tip  allowed  to  rest  on  lampblacked  paper,  wound  about  a  metal 
cylinder  which  was  rotated  by  hand.  Time  was  given  by  a  break- 
circuit  clock,  the  rate  of  which  was  ascertained  by  comparisons 
with  Western  Union  Time  Ball  to  be  9.87  sec.  The  spark  fh>m 
secondary  coil  of  the  inductorium  passed  from  the  platinum  tip, 
piercing  the  paper.  The  size  of  the  spark  was  regulated  by 
resistances  in  primary  circuit.  The  following  is  a  specimen  deter- 
mination. 

Column  1  gives  the  number  of  the  spark  or  the  number  of  sec- 
onds.   Column  2  gives  the  corresponding  number  of  sinuosities 
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or  vibrations.     Column  B  gives  the  difference  between  the  1st  and 
7th  -r-  6,  2nd  and  8th  -r  6,  etc. 

1  0.3  255.83 

2  256.1  255.90 

3  511.7  255.90 

4  767.9  255.93 

5  1023.5  255.92  ♦ 

6  1289.2  256.01 

7  1535.3  255.95 


8  1791.5  255.920  =  Mean 

9  2047. 1  —.028  =  Cor.  for  rate 

10  2303.5  255.892 

1 1  2559.0  +.180  =  Cor.  for  temp. 

12  2825.3  256.072  =  No.  of  vib.  per  sec. 

13  3071.0  at  65°  F. 

In  the  following  r^sum^,  colamn  1  gives  the  number  of  the 
experiments ;  column  2  gives  the  total  number  of  seconds ;  col- 
umn 3  gives  the  results  not  corrected  for  temperature ;  column  4 
gives  the  temperature  Fahrenheit ;  column  5  gives  the  final  result ; 
column  6  gives  the  difference  between  the  greatest  and  least  values. 


1 

13 

255.892 

80 

256.072 

0.18 

2 

11 

255,934 

81 

256.126 

0.17 

3 

13 

255.899 

81 

256.091 

0.12 

4 

13 

255.988 

75 

256.108 

0.13 

5 

11 

255.948 

75 

256.068 

0.05 

6 

12 

255.970 

75 

256.090 

0.05 

7 

12 

255,992 

75 

256.112 

0.20 

8 

11 

255.992 

76 

256.124 

0.03 

9 

11 

255.888 

81 

256.080 

0.13 

10 

13 

255.878 

81 
Mean: 

256.070 
=  256.094 

0.13 

Effect  of  Support  and  of  Scraping,  The  standard  Utg  fork  held 
in  its  wooden  support  was  compared  with  another  fork  on  a 
resonator  loaded  with  wax  and  making  with  standaid  about  five 

A.  A.  A.  8.  8.,  VOL.  XXVIU.  10 
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d.    The  standard  was  free  Arom  the  cylinder, 
counted  by  coincidences  with  the  ^  second  beats 

)incidence8  were  marked 
ic. 

'  6L5- 32  =  29.5 

29.5 -r   5=    5.9  =  time  of  one 
^  interval  between  coincidences 

TttBVlit, 


=  time  of  one  interval  between  coincidences.    In 
tch  makes  6.18  X  5  =  80.65  beats,  and  the  forks 
=  81.65  beats, 
iber  of  beats  per  second  is  81.65  -r  6.18  =  5.163. 

the  same  as  in  last  case,  except  that  standard 
wed  to  trace  its  record  on  the  lampblacked  paper, 
rate  of  vibration, 
^incidences  were  marked  at 
seconds 

"        77  -  59  =  18 

"        18  4-  8  =  6.0  =  time  of  one 

"        interval. 


Kisvtti. 

6.0  seconds 

6.0      " 

6.31X5=81.66 

6.7      " 

+  1.00 

6.8      " 

82.55 

6.5      " 

82.56-5-6.81=5.159 

6.7      " 

with  fork  free,    5.168 

6.0      «' 

Effect  of  scrape  =  -.004 

6.81 
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Circumstances  as  in  first  case  except  that  both  forks  were  on 
their  resonators. 

Specimen.    Coincidences  were  observed  at 
21  seconds 
28      " 

36      "       60  -  21  =  39 

4^      ii      39  -r  5  =    7.8  =  time  of  one  interval 
51      " 
60      " 

No.  1  7.8  seconds.  7.42  X  5  =37.10 

2  7.1       «  +    1.00 

3  7.6       "  

4  7.4       "  38.10 

5  .7.2       "  38.10-^7.42  =  5.133 


Mean  7.42  seconds 


(above)  5.159 


EflTect  of  support  and  scrape  =  — .026 

Mean  of  second  determination  was  256.094 

Applying  correction  (scrape,  etc.)  — .026 


Corrected  mean  =  256.068 

Result  of  first  determination  =  256.072 


Final  value  =  256.070 

[Note.]  The  result  of  first  determination  excludes  all  work 
except  the  series  commencing  July  4th.  If  previous  work  is 
included,  and  also  the  result  first  obtained  by  Prof.  Mayer,  the 
result  would  be  256.089. 

256.180 

256.036 

256.072 

256.068 


MeaD=  256.089 

The  previous  work  was  omitted  on  account  of  various  inaccura- 
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cies,  and  want  of  practice,  which  made  the  separate  results  differ 
_.  j-i_  ^j.^jjj  ^^jj  other. 

THE  FORMULA. 

formalse  employed  are  . 


(1)  ton  sp  =  ^ 

I 


(2)  |T---«»2000"X^Xo 


=  angle  of  deflection. 

=  corrected  displacement  (linear). 

=  radius  of  measurement. 

z=  twice  the  distance  between  the  ^nirrors. 

=  number  of  revolutions  per  second. 

=  inclination  of  plane  of  rotation.  | 

=.  deflection  as  read  from  micrometer.  | 

=  number  of  beats  per  second  between  electric  Ut,  fork  .' 

and  standard  Ut^.  ^ 

>r.  =  correction  for  temperature  of  standard  Ut,.  ' 

=  Velocity  of  light. 

=  Value  of  one  turn  of  screw.  (Table  Page  141).  Sub- 
stituting for  d  its  value  or  d  X  2^  X  sec  a,  {log  sec  a 
=z  .00008)  and  for  D  its  value  3972.46,  and  reducing 
to  kilometers,  the  formulae  become 

(3)  tan  ip  =  Ci^  log  Ci  =  .51607 

(4)  V^c\  logc=A9e70 

Qd  r  are  expressed  in  feet,  and  d,  in  millimeters, 
'ork  makes  256,070  vibrations  per  second  at  65°  Fahr. 
:  3972.46  feet. 

K= tangent  of  angle  of  inclination  of  plane  of  rotation  = 
in  all  but  the  last  twelve  observations,  in  which  it  was  0.015 
1  =  51607  (51603  in  last  twelve  obs.) 
=  49690. 

electric  fork  makes  J  (256.070  +  3  + cor.)  vibrations  per 
nd,  and  n  is  a  multiple,  mibmultiple,  or  simple  ratio  of  this. 

OBSERVATIONS. 

dmen  Observation. 

)  17th.    Sunset.    Image  good,  best  in  column  (4). 
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The  columns  are  sets  of  readings  of  the  micrometer  for  the 
deflected  image  of  slit. 


112.81 

112.80 

112.88      ] 

112.74       112.79 

.81 

.81 

.81 

.76 

.78 

.79 

.78 

.78 

.74 

.74 

.80 

.75 

.74 

.76 

.74 

.79 

.77 

.74 

.76 

.77 

.82 

.79 

.72 

.78 

.81 

.82 

.78 

.76 

.78 

.77 

.76 

.78 

.81 

.79 

.76 

.83 

.79 

.74 

.88 

.82 

.78 
=   112.801 

.78 
112.773 

.76 

.78 

.82 

Mean 

112.769 

112.772 

102.779 

Zero 

=      0.260 

0.260 

0.260 

0.260 

0.260 

d 

=  112.541 

112.513 

112.509 

112.512 

112.619 

Temp. 

=           77" 

77» 

ir 

ir 

77" 

B 

=  +1.600 

Cor. 

=  -     .144 
+ 1.365 
256.070 

n 

=  257.426 

267.48 

257.48 

257.48 

257.43 

r 

=    28.157 

28.167 

28.157 

28.157 

28.157 

The  above  specimen  was  selected,  because  in  it  the  readings  were 
all  taken  by  another  and  noted  down  without  divulging  them  till 
the  whole  five  sets  were  completed. 

The  following  is  the  calculation  for  V: 

1st  set 


logcx 


r  := 

'  tan  f  = 


"c 

"  V 
ay 


9  = 


51607 
99832 
05131 
56570 
44958 
11612 
2694".7 
49670 
41066 


Snd,  8rd,  and  4th  sets 
51607 

99832 

05119 


56558 
44958 


6th  set. 
51607 

99832 
05123 
56562 
44958 


90786 
=  43052 

=  47684 
=  299800 


11600 

11604 

2694".l 

2694".3 

49670 

49670 

41066 

41066 

90736 

90736 

48042 

43046 

47694 

47690 

299880 

299860 
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The  numbers  in  colamn  2  of  the  preceding  table  are  thus  trans- 
lated ;  3  =  Good,  2  =  Fair,  and  1  =  Poor.  These  numbers  do 
not,  however,  show  the  relative  weights  of  the  observations. 

In  the  last  two  sets  of  June  18th,  the  micrometer  was  fixed  at 
113.41  and  112.14  respectively.  The  image  was  bisected  by  the 
cross-hair,  and  kept  as  nearly  as  possible  in  this  place  —  mean 
time  counting  the  number  of  seconds  required  for  the  image  of 
the  revolving  mirror  to  complete  60  oscillations.  In  other  words, 
instead  of  measuring  the  deflection,  the  speed  of  rotation  was 
measured.  In  column  7  for  these  two  sets,  the  numbers  11  and  6 
are  the  differences  between  the  greatest  and  the  smallest  number 
of  seconds  observed. 

In  finding  the  mean  value  of  V  from  the  table  the  sets  are  all 
given  the  same  weight.  The  difference  between  the  result  thus 
obtained  and  that  from  any  system  of  weights  is  small,  and  may 
be  neglected. 

The  following  table  gives  the  result  of  different  groupings  of  sets 
of  observations.    Necessarily  some  of  the  groups  include  others. 


Electric  light,  (1  set) 

299,850 

Set  micrometer,  counting 

oscillations  (2) 

299,840 

Readings  taken  by  Lt.  Nazro 

(3) 

299,880 

Readings  taken  by  Mr.  Clason 

(5) 

299,860 

Mirror  inverted 

(8) 

299,840 

Speed  of  rotation,  192 

(7) 

299,990 

Speed  of  rotation,  128 

(1) 

299,800 

Speed  of  rotation,    96 

(1) 

299,810 

Speed  of  rotation,    64 

(1) 

299,870 

Radius,            28.5  feet 

(54) 

299,870 

Radius,            33.3  feet 

(46) 

299,830 

Highest  temperature,  90® 

Fahr. 

(5) 

299,910 

Mean  of  lowest  temp's  60**  Fahr. 

(7) 

299,800 

Image,  good. 

(46) 

299,860 

Image,  fair 

(39) 

299,860 

Image,  poor 

(15) 

299,810 

Frame,  inclined 

(5) 

299,960 

Greatest  value. 

800,070 

Least  value. 

299,650 

Mean  value. 

299,852 

Average  difference  from  i 

nean, 

60 

Value  found  for  tc 

3.26 

Probable  error 

±5 
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DISCUSSION  OF  EBBOBS. 


The  value  of  Fdepends  on  three  quantities  D,  n,  and  fp.  These 
will  now  be  considered  in  detail. 

T^  distono«.  The  distance  between  the  two  mirrors  may  be  in 
error,  either  by  an  erroneous  determination  of  the  length  of  the 
steel-tape  used  or  by  all  mistakes  in  the  measurement  of  the  dis- 
tance by  the  tape. 

The  first  may  be  caused  by  an  error  in  the  copy  of  the  standard 
yard,  or  in  the  comparison  between  the  standard  and  the  tape. 
An  error  in  this  copy,  of  .00036  inch,  which,  for  such  a  copy  would 
be  considered  large,  would  produce  an  error  of  only  .00001  in 
the  final  result.  Supposing  that  the  bisections  of  the  divisions 
are  correct  to  .0005  inch,  which  is  a  liberal  estimate,  the  error 
caused  by  supposing  the  error  in  each  yard  to  be  in  the  same  di- 
rection, would  be  only  .000014 ;  or  the  total  error  of  the  tape,  if 
both  errors  were  in  the  same  direction  would  be  .000024  of  the 
whole  length. 

The  calculated  probable  error  of  the  five  measurements  of  the 
distance  was  ±.000015 ;  hence  the  total  error  due  to  B  would  be 
at  most  .00004.  The  tape  has  been  sent  to  Prof.  Rogers  of  Cam- 
bridge for  comparison,  to  confirm  the  result. 

Th^  Speed  of  rotation.  This  quantity  depends  on  three  condi- 
tions. It  is  affected  1st  by  an  error  in  the  rate  of  the  standard, 
2nd  by  an  error  in  the  count  of  the  sound  beats  between  the  forks, 
and  3rd  by  a  false  estimate  of  the  moment  when  the  image  of  the 
revolving  mirror  is  at  rest  at  which  moment  the  defiection  is  meas- 
ured. The  calculated  probable  error  of  the  rate  is  .000016.  If 
this  rate  should  be  questioned,  the  fork  can  be  again  rated  and  a 
simple  correction  applied.  The  fork  is  carefully  kept  at  the  Stev- 
ens Institute,  Hoboken,  and  comparisons  were  made  with  two 
other  forks  in  case  it  was  lost  or  injured. 

In  counting  the  sound  beats,  experiments  were  tried  to  find  if 
the  vibrations  of  the  standard  were  affected  by  the  other  fork,  but 
no  such  effect  could  be  detected.  In  each  case  the  number  of  beats 
was  counted  correctly  to  .02  or  less  than  .0001  part,  and  in  the 
great  number  of  comparisons  made  this  source  of  error  could  be 
neglected. 

The  error  due  to  an  incorrect  estimate  of  the  exact  time  when 
the  images  of  the  revolving  mirror  came  to  rest  was  eliminated 
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by  making  the  measurement  sometimes  when  the  speed  was  slowly 
increasing,  and  sometimes  when  slowly  decreasing.  Farther,  this 
error  would  form  part  of  the  probable  error  deduced  f^om  the 
results  of  observations. 

We  may  then  conclude  that  the  error,  in  measurement  of  n,  was 
less  than  .00002. 

The  deflection.  The  angle  of  deflection,  f ,  was  measured  by  its 
tangent,  (tan  ip=i^)\  d  was  measured  by  the  steel  screw,  and 
brass  scale,  and  r,  by  the  steel  tape.  The  value  of  one  turn  of  the 
screw  was  found  by  comparison  with  the  standard  meter,  for  all 
parts  of  the  screw.  This  measurement  including  the  possible  error 
of  the  copy  of  the  standard  meter,  I  estimate  to  be  correct  to 
.00005  part.  The  instrument  is  at  the  Stevens  Institute,  where  it 
Is  to  be  compared  with  a  millimeter  scale  made  by  Prof.  Rogers  of 
Cambridge. 

The  deflection  was  read  to  within  three  or  four  hundreths  of  a 
turn  at  each  obser\'ation,  and  this  error  appears  in  the  probable 
error  of  the  result; 

*  The  deflection  is  also  affected  by  the  inclination  of  the  plane  of 
rotation  to  the  horizontal.  This  inclination  was.  small  and  its 
secant  varies  slowly,  so  that  any  slight  error  in  this  angle  would 
not  appreciably  affect  the  result. 

The  measurement  of  r  is  affected  in  the  same  way  as  Z>,  so  that 
we  may  call  the  greatest  error  of  this  measurement  .00004.  It 
would  probably  be  less  than  this,  as  the  mistakes  in  the  individual 
measurements  would  also  appear  in  the  probable  error  of  the  re- 
sult. 

The  measurement  of  f  was  not  corrected  for  temperature.  As 
the  corrections  would  be  small  they  may  be  applied  to  the  final 
result.  For  an  increase  of  1®  F.  the  correction  to  be  applied  to 
the  screw  for  unit  length  would  be  — .0000066.  The  correction 
for  the  brass  scale  would  be  -|-.0000105,  or  the  whole  correction 
for  the  micrometer  would  be  -[-.000004. 

The  correction  for  the  steel  tape,  used  to  measure  r,  would  be 
-|-.0000066.  Hence  the  correction  for  tan  <p  would  be  — .000003  t. 
The  average  temperature  of  the  experiments  is  76**.6  F. 
75.6—62.5=  13.1.  —.000003X13.1  =—.00004.  Hence  f 
should  be  divided  by  1.00004,  or  the  final  result  should  be 
multiplied  by  1.00004.  This  would  correspond  to  a  correction 
of  + 12  kilometers. 
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The  greatest  error,  excluding  the  one  just  mentioned,  would 
probably  be  less  than  .00009,  in  the  measurement  of  ip. 

Summing  up  the  various  errors,  we  find  then  that  the  total  con- 
stant error  in  the  most  unfavorable  case,  where  the  errors  are  all 
in  the  same  direction,  would  be  .00015.  Adding  to  this  the  prob- 
able error  of  the  result  .00002  we  have  for  the  limiting  value  of 
the  error  of  the  final  result  =  dz«000 17.  This  corresponds  to  an 
error  of  Jz  61  kilometers. 

The  correction  for  the  velocity  of  light  in  vacuo  is  found  by 
multiplying  the  speed  in  air  by  the  index  of  refraction  of  air  at 
the  temperature  of  the  experiments.  The  error  due  to  neglecting 
the  barometric  height  is  exceedingly  small.  This  correction  in 
kilometers  is  +  80. 
Final  result.  The  mean  value  of  V  from  the  tables  is  299852 
Correction  for  temperature  +12 

Velocity  of  light  in  air  299864 

Correction  for  vacuo  80 

Velocity  of  light  in  vacuo  299944=fc51 

The  final  value  of  the  velocity  of  light  from  these  experiments 
is  then 

299,940  kilometers  per  second, 
or  186,380  miles  per  second. 

OBJECTIONS  CONSIDERED. 

Measurement  of  the  deflection.  The  chief  objection,  namely, 
that  in  the  method  of  the  revolving  mirror  the  deflection  is  small, 
has  already  been  suflSciently  answered.  The  same  objection,  in 
another  form  is  that  the  image  is  more  or  less  indistinct.  This  is 
answered  by  a  glance  at  the  tables.  These  show  that  in  each 
individual  observation,  the  average  error  was  only  three  ten- 
thousandths  of  the  whole  deflection. 

Uncertainty  of  laws  of  reflection  and  refraction  in  media^  in 
rapid  rotation.  What  is  probably  hinted  at  under  the  above  head- 
ing is  that  there  may  be  a  possibility  that  the  rapid  rotation  of  the 
mirror  throws  the  reflected  pencil  in  the  direction  of  rotation. 
Granting  that  this  is  the  case,  the  pencil  first  reflected  from  the 
mirror  and  the  return  pencil  will  both  be  equally  affected  and  the 
resulting  deflection  will  be  the  same  as  it  would  be  had  there  been 
no  such  action. 
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Retardation  caused  by  reflection.  Cornu  in  answering  the  objec- 
tion, that  there  may  be  an  unknown  retardation  by  reflection  from 
the  distant  mirror,  says  that  if  such  existed,  the  error  it  would 
introduce  in  his  own  work  would  be  only  ^i/tnr  o^  ^^^  ^^ 
Foucault's,  on  account  of  there  being  in  his  own  experiments  but 
one  reflection,  instead  of  twelve.  The  same  reasoning  shows  that 
if  this  possible  error  made  a  difference  of  one  per  cent,  in  Fou- 
cault's  work  (and  his  result  is  coiTect  within  that  amount),  then 
the  error  would  be  but  .00003  part  in  my  own. 

Distortion  of  the  Revolving  Mirror.  It  has  been  suggested  that 
the  distortion  of  the  revolving  mirror  either  by  twisting  or  by  the 
effect  of  centrifugal  force  might  cause  an  error  in  the  deflection. 
The  only  plane  in  which  the  deflection  might  be  affected  is  the 
plane  of  rotation.  Distortions  in  a  vertical  plane  would  have 
simply  the  effect  of  raising,  lowering  or  extending  the  slit. 

Again,  if  the  mean  surface  is  plane  there  will  be  no  effect  on 
the  deflection,  but  simply  a  blurring  of  the  image. 

Even  if  there  be  a  distortion  of  any  kind  there  would  be  no 
effect  on  the  deflection  if  the  rays  returned  to  the  same  position 
whence  they  were  reflected. 

The  only  case  which  remains  to  be  coBfsidered  then  is  that  in 
which  the  light  from  the  slit  falls  upon  a  distorted  mirror  and  the 
return  light  upon  a  different  portion  of  the  same. 

The  effect  of  such  an  arrangement,  when  the  revolving  mirror 
is  at  rest,  is  simply  to  form  two  images  besides  the  image  coin- 
ciding with  the  slit,  one  on  eitJier  side  of  the  slit :  and  in  the  case 
there  were  more  than  two  portions  having  different  inclinations 
there  would  be  formed  as  many  images  to  correspond.  If  the 
surfaces  are  not  plane,  the  only  effect  is  to  produce  a  distortion 
of  the  image. 

As  no  multiplication  of  images  was  observed,  and  no  distortion 
of  Jbhe  one  image,  it  follows  that  the  distortion  of  the  mirror  was 
too  small  to  be  noticed,  and  that  even  if  it  were  larger,  it  could 
not  affect  the  deflection. 

The  reasoning  is  the  same  when  the  mirror  is  in  motion,  save 
that  all  the  images  will  be  deflected  in  the  direction  of  rotation. 

Imperfection  of  the  lens.  It  has  also  been  suggested  that,  as 
the  pencil  goes  through  one-half  of  the  lens  and  returns  through 
the  opposite  half,  if  these  two  halves  were  not  exactly  similar 
the  return  image  would  not  coincide  with  the  slit  when  the  mirror 
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was  at  rest.  This  would  undoubtedly  be  true  if  we  consider  but 
one-half  of  the  original  pencil.  It  is  evident,  however,  that  the 
other  half  would  pursue  the  contrary  course,  forming  another 
image  which  falls  on  the  other  side  of  the  slit,  and  that  both 
these  images  would  come  into  view,  and  the  line  midway  between 
them  would  coincide  with  the  true  position. 

No  such  effect  was  observed,  and  would  be  very  unlikely  to 
occur. 

If  the  lens  was  imperfect,  the  faults  would  be  all  over  the  sur- 
face, and  this  would  ^produce  simply  an  indistinctness  of  the 
image. 

Moreover,  in  the  latter  part  of  the  observations  the  mirror 
was  inverted,  thus  producing  a  positive  rotation,  whereas  the 
rotation  in  the  preceding  sets  was  negative. 

This  would  correct  the  error  mentioned  if  it  existed,  and  shows 
also  that  no  constant  errors  were  introduced  by  having  the  rota- 
tion constantly  in  the  same  direction,  the  results  in  both  cases 
being  almost  exactly  the  same. 

Periodic  variationa  in  friction.  If  the  speed  of  rotation  varied 
in  the  same  manner  in  each  revolution  of  the  mirror,  the  chances 
would  be  that  at  the  particular  time  when  the  reflection  took 
place  the  speed  would  not  be  the  same  as  the  average  speed 
found  by  the  calculation.  Such  a  periodic  variation  could  only 
be  caused  by  the  influence  of  the  frame,  or  the  pivots.  For  in- 
stance, the  frame  would  be  closer  to  the  ring  which  holds  the 
mirror  twice  in  every  revolution  than  at  other  times,  and  the 
mirror  would  meet  with  more  resistance  here  than  at  a  position 
90"*  from  this.  Or  else  there  might  be  a  certain  position  due 
to  want  of  trueness  of  figure  of  the  sockets  which  would  cause 
a  variation  of  friction  at  certain  parts  of  the  revolution. 

To  ascertain  if  there  were  any  such  variations  the  position  of 
the  frame  was  changed  in  azimuth  in  several  experiments.  The 
results  were  as  before,  showing  that  any  such  variation  was  too 
small  to  affect  the  result. 

Change  of  speed  of  rotation.  In  the  last  four  sets  of  observa- 
tions the  speed  was  lowered  fVom  256  turns,  to  192,  128,  96,  and 
64  turns  per  second.  The  results  with  these  speeds  were  the  same 
as  with  the  greater  speed  within  the  limits  of  errors  of  experiment. 

Bias.  Finally  to  test  the  question  if  there  were  any  bias  in 
making  these  observations,  eight  sets  of  observations  were  taken 
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in  which  the  readings  were  made  by  another,  the  results  being 
written  down  without  divulging  them.  Five  of  these  sets  are 
given  in  the  "  specimen,"  page  149. 

It  remains 'to  notice  the  remarkable  coincidence  of  the  result 
of  these  experiments  with  that  obtained  by  Cornu,  by  the  method 
of  the  toothed  wheel. 

The  result  of  Cornu's  work  as  interpreted  by  Helmert  d'  Aix  is 

299990  kilometers. 

That  of  these  experiments  is  299940  kilometers. 


On  the  Conversion  of  Mechanical  Enerot  into  Heat  by  Dt- 
NAMO-ELECTRic  MACHINES.  By  Gborge  F.  Barker,  of  Phila- 
delphia, Pa. 

[ABSTRACT.] 

The  amount  of  heat  actually  obtainable  from  dynamo-electric 
machines  when  worked  upon  a  commercial  scale,  is  a  question 
which  in  the  near  future  is  to  become  of  very  considerable  com- 
mercial importance.  That  electric  distribution,  at  least  in  our 
larger  cities,  is  ultimately  to  be  the  source  of  light-supply,  is 
already  placed  beyond  a  peradventure.  But  far  more  than  simple 
light-production  is  to  be  expected  of  this  marvellous  agent.  It 
must  not  only  light  our  houses,  but  it  must  warm  them,  and  must 
furnish  mechanical  power  to  them  for  a  thousand  petty  operations, 
now  either  done  not  at  all,  or  done  by  manual  labor.  It  must 
pump  the  water,  raise  the  elevator,  run  the  sewing  machine,  turn 
the  spit,  perform  its  part  of  the  laundry  service  and  perhaps  even 
assist  in  the  cooking.  The  problem  next  in  course  of  solution^ 
after  that  of  lighting,  is  that  of  heating  by  electricity.  Since  the 
energy  of  an  electric  current  is  always  dissipated  as  heat,  the  only 
condition  required  is  the  localization  of  the  resistance  in  the  cir- 
cuit where  the  heat  is  to  be  produced  ;  so  that  instead  of  being 
diffused  over  the  circuit,  it  shall  be  localized  where  it  is  needed. 
If,  for  example,  a  coil  of  wire  of  high  resistance  be  placed  in  the 
circuit  of  a  dynamo-electric  machine  the  greater  portion  of  the 
heat  into  which  the  current  is  converted  appears  in  this  coil 
which  becomes  consequently  a  source  of  heat  for  warming  the 
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surrounding  medium.  Of  ""course,  a  house  may  be  heated  electri- 
cally by  either  direct  or  indirect  means.  That  is,  the  heating  coil 
itself  may  be  placed  in  the  apartment  to  be  warmed,  or  the  cur- 
rent may  be  employed  to  heat  air  or  water,  which  is  then  circulated 
as  the  source  of  heat.  It  is  to  this  latter  mode  of  heating  that 
Sir  William  Thomson  has  referred,  in  his  testimony  in  May  last 
before  the  ^^  Select  Committee  of  Parliament  to  authorize  Corpora- 
tions or  Gas  Companies  to  supply  Light  by  Electricity."  He 
says ;  ^^  I  look  forward  to  the  Falls  of  Niagara  being  extensively 
used  for  the  production  of  light  and  mechanical  power  over  a  large 
area  of  North  America."  To  transmit  the  electric  energy  he  sug- 
gests the  use  of  tubular  conductors  through  which  a  current  of 
water  flows  to  keep  them  cool,  and  remarks  that  the  size  of  the 
copper  tubes  required  to  convey  this  immense  power  would  need 
to  be  only  three  or  four  inches  in  diameter  and  of  moderate  thick- 
ness. Indeed,  he  adds,  it  might  be  economical,  by  diminishing  the 
thickness  of  the  conductor,  to  allow  its  temperature  to  rise,  and 
in  this  way  to  distribute  hot  water  through  the  streets  of  a  city. 

The  experiments  detailed  in  the  present  paper  were  undertaken 
in  order  to  ascertain  the  percentage  of  useful  effect  realizable  as 
heat  from  an  electric  current  of  known  strength,  under  ordinary 
commercial  conditions.  The  dynamo-electric  machine  used  for 
this  purpose  was  made  by  Siemens  Brothers  of  London  and  is 
known  as  their  "  B"  machine.  The  diameter  of  the  driving  pul- 
ley was  eight  inches,  and  its  face  was  three  inches.  The  resist- 
ance of  the  machine  itself,  at  rest,  was  0.G8  ohm.  Water  power 
was  used  to  drive  it,  the  speed  being  varied  from  560  to  840  revo- 
lutions per  minute.  The  lower  speeds  in  general  were  obtained 
with  a  belt  one  and  a  quarter  inches  wide,  the  intermediate 
ones  with  a  belt  two  inches  wide,  and  the  higher  ones,  especially 
where  the  external  resistance  was  low,  with  a  three  and  a  half  inch 
belt.  In  the  circuit  of  this  machine  were  included  a  double  coil 
tangent  galvanometer,  a  heating  coil  of  gerraan  silver  wire, 
and  the  cpnducting  wires.  The  coils  of  the  galvanometer  were 
single  turns  of  very  large  copper  wire,  offering  no  appreciable 
resistance.  Its  constant  was  5.7  webers  per  second  as  determined 
by  Professor  Farmer.  The  german  silver  wire  used  on  the  heating 
coils  was  0.035  inch  in  diameter.  It  was  wound  in  grooves  cut  on 
the  surfaces  of  wooden  cylinders,  the  lengths  gradually  increasing 
80  as  to  give  resistance  varying  from  0.2  ohm  up  to  6.84  ohms. 
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The  conducting  wires,  which  were  of  cdpper,  were  of  large  size ; 
80  that  together  with  the  galvanometer,  their  resistance  was  0.05 
ohm.  The  calorimeter  employed  consisted  simply  of  a  large  glass 
battery  jar,  in  which  was  put  the  water  to  be  heated.  The  temper- 
ature was  noted  by  means  of  a  thermometer,  graduated  in  Fahren- 
heit degrees. 

The  plan  of  operations  was  as  follows :  —  A  quantity  of  water 
— usually  ten  pounds  —  was  weighed  into  the  calorimeter,  the  heat- 
ing coil  was  introduced,  the  temperature  was  noted,  and  the  ma- 
chine was  started,  the  time  being  taken.  Each  experiment  was 
usually  continued  five  minutes,  during  which  interval  the  speed  of 
the  machine  was  counted  two  or  three  times,  and  the  galvanometer 
deflection  several  times  observed.  At  the  end  of  the  time,  the 
machine  was  stopped,  the  water  well  agitated,  and  the  tempera- 
ture again  noted.  From  the  data  thus  obtained  the  current 
strength  and  the  evolved  heat  could  be  calculated.  No  attempt 
was  made  to  measure  the  power  consumed  by  the  machine,  be- 
cause in  the  first  place,  no  suitable  dynamometer  was  at  hand  ;  and 
in  the  second,  the  object  in  view  was  not  so  much  to  ascertain  the 
efl3ciency  of  the  machine  as  to  find  out  what  fraction  of  the  cur- 
rent-strength was  actually  converted  into  heat  by  means  of  the 
immersed  resistance  coils.  Moreover  the  experiments  of  Hopkin- 
son  have  shown  that  87  per  cent  of  the  power  applied  to  this  ma- 
chine appears  as  electrical  energy  in  the  circuit.  Consequently 
the  power  consumed  to  produce  a  given  current-strength  is  readily 
calculated,  if  the  latter  value  be  known. 

The  first  series  of  five  experiments  was  made  under  essentially 
similar  conditions,  except  that  the  resistance  of  the  heating  coil 
was  gradually  increased.  Ten  pounds  of  water  was  used  in  the 
calorimeter,  and  the  machine  was  driven  by  the  3^  inch  belt.  The 
following  are  the  experimental  data  obtained :  — 


No, 

Speed, 

Resistance, 

Di^flection,^ 

Temperature, 

Time, 

Revolutione 
per  minute 

Heating  Coil.    Total. 
(Olims.)     (Ohms.) 

(Degrees  P.) 

Minatea. 

1. 

690 

0.204 

0.934 

87''+ 

76°—    82° 

2 

2. 

840 

0.310 

1.049 

87° 

81°_    82° 

2 

3. 

820 

0.420 

1.150 

86.5° 

80°—  128° 

5 

4. 

840 

0.610 

1.340 

86° 

77°—  132° 

5 

b. 

840 

1.080 

1.610 

83.5° 

81°—  180° 

5 

>  It  wonld  doubtless  have  been  better  to  shunt  the  galvanometer  in  these  cases  so  as 
to  bring  its  deflections  nearer  to  45*.  The  error,  however,  tends  to  make  the  final  result 
too  low  but  in  no  case  too  high. 
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From  these  figures,  the  final  results  of  the  experiments  may  be 
easily  calculated.  From  the  angles  of  deflection,  we  get  their 
tangents.  These,  multiplied  by  5.7  vrebers,  the  galvanometer 
constant,  give  us  the  current-strength  in  webers  per  second.  This 
current-strength,  multiplied  by  the  total  resistance  of  the  circuit, 
gives  us,  in  accordance  with  Ohm's  formula  E  =  CR,  the  electro- 
motive force  in  volts.  The  product  of  the  current-strength  and 
the  electromotive  force  gives  the  volt-webers,  or  current-energy ; 
and  this  multiplied  by  44.25  —  according  to  the  formula  for  work, 
Tr=  44.25  EC — gives  the  energy  of  the  current  in  foot-pounds 
per  minute.  This  may  readily  be  reduced  to  horse  powers.  Again, 
multiplying  the  weight  of  water  in  the  calorimeter  by  the  number 
of  degrees  through  which  its  temperature  was  raised,  we  have  the 
total  heat  units  —  in  pound-degrees  Fahrenheit  —  produced.  Di- 
viding by  the  duration  of  the  experiment  in  minutes,  we  have  the 
heat-energy  communicated  to  the  water  per  minxite.  Multiplying 
this  by  772,  Joule's  equivalent,  the  corresponding  mechanical 
energy  in  foot  pounds  is  obtained ;  and  this  divided  by  33,000 
gives  the  energy  in  horse-powers  of  work  per  minute.  The  follow- 
ing table  gives  these  calculated  results :  — 


VoU- 

fliorte- 

Iteat- 

ITorse' 

Xo. 

Wa>€r$. 

rou$. 

Webtr$. 

Powtr$. 

Unitt. 

Power $, 

1. 

19.081 

108.76 

101.59 

11048 

14.82 

30 

0.702 

2. 

19.081 

108.76 

113.11 

12302 

16.12 

85 

1.989 

3. 

16.341 

93.14 

107.12 

9976 

13.38 

96 

2.246 

4. 

14.301 

81.52 

109.24 

8905 

11.94 

110 

2.574 

5.        8.777        50.04        90.55        4530        6.09       98      2.293 

Several  interesting  results  appear  from  an  inspection  of  these  fig- 
ures. In  the  first  place  we  observe  that  the  energy  communicated 
to  the  water  as  heat  reached  its  maximum  in  the  fourth  experiment, 
and  that  this  maximum  corresponded  to  110  heat-units  per  minute, 
equivalent  to  2.574  horse-powers.  In  the  second  place,  since  all 
the  conditions  except  the  resistance  in  the  circuit  remained  essen- 
tially the  same  throughout,  this  maximum  is  clearly  due  to  the 
resistance  of  the  heating  coil  used  in  that  experiment.  This 
resistance  is  0.61  ohm,  and,  with  that  of  the  conducting  wires  and 
galvanometer,  0.66  ohm.  Thus  proving  that  the  maximum  work  of 
a  dynamo-electric  machine  is  obtained  when  the  resistance  of  the 
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external  circuit  is  equal  to  the  resistance  of  the  electromotor. 
Again,  we  notice  that  as  the  resistance  of  the  heating  coil  increases, 
the  electrical  energy  appearing  as  heat  increases  continuously  up 
to  the  fourth  experiment  where  it  attains  its  maximum.  On  in- 
creasing the  resistance  still  farther,  as  in  the  fifth  experiment,  the 
resulting  heat  falls  again.  Another  noticeable  fact  is  that  this 
maximum  production  of  heat  does  not  represent  the  whole  of  the 
energy  in  the  circuit.  Calculated  from  the  volt-webers  in  the  fourth 
experiment,  the  total  energy  circulating  is  11.94  horse-powers. 
According  to  the  law  of  heat-production,  since  the  external  and 
internal  resistances  are  equal  in  this  experiment,  one-half  the 
energy  of  the  circuit  should  appear  as  heat  in  the  machine  and 
one-half  outside  of  it.^  Since,  too,  the  resistance  of  the  heating 
coil  makes  up  nearly  the  entire  resistance  in  the  external  circuit, 
nearly  one-half  of  the  energy  of  the  circuit  should  appear  as  heat 
in  the  calorimeter.  But  the  amount  practically  realized  was  only 
2.574  horse-powers,  or  only  21.56  per  cent  of  the  total  energy  of 
the  current.  Further,  the  figures  of  the  above  table  show  that  the 
electromotive  force  remains  practically  constant  throughout  the 
series,  the  mean  value  being  not  far  from  100  volts.  Since  the 
current-strength  diminishes  as  the  total  resistance  increases,  the 
total  energy  of  the  circuit,  which  is  measured  by  the  product  of 
the  current-strength  and  the  electromotive  force,  varies  as  the 
former  of  these  values.  Moreover  the  energy  utilized  as  heat  in 
calorimeter  varies  with  the  resistance  of  the  contained  coil,  increas- 
ing as  this  resistance  increases  until  it  equals  that  of  the  machine, 
and  then  diminishing  again.  If  we  represent  the  total  current- 
energy  by  EC  as  above,  then,  since  E  =  CR,  we  may  have  C  B 
representing  the  total  heating  effect.  The  heat  varies  with  R  then 
only  when  C  is  constant.  When  the  (Jurrent-strength  varies,  the 
heating  effect  increases  and  diminishes  in  a  much  more  rapid  ratio, 
as  the  figures  of  the  table  show. 

In  the  second  series  of  experiments,  the  resistance  of  the  cir- 
cuit was  so  considerable  that  the  machine  could  be  driven  by  a 

*In  the  first  and  second  experiments,  in  which  the  resistance  of  the  heating  coil  was 
only  0.204  and  0.310  ohm  respectlTely,  the  time  of  running  had  to  be  limited  to  two 
minutes,  owing  to  the  heat  developed  in  the  machine  and  in  the  conducting  wires,  the 
machine  being  on  short  circuit. 


Digitized  by  VjOOQ IC 


BT  OEOROE  F.  BABKBB. 


165 


one  and  a  quarter  inch  belt.    The  method  adopted  was  the  same 
as  before  and  the  following  data  were  obtained : — 


JVo. 

1. 
2. 
3. 
4. 
5. 
6. 


Speed. 

560 
570 
600 
600 
606 
640 


ReHitance, 


Coil. 
1.08 
1.08 

1.84 
2.11 
8.54 
6.84 


Deflection,       Temperature. 


Total. 
1.81 
1.81 
2.57 

2.84 
4.27 
7.57 


79*- 
79** 
69^ 
69* 
11** 
4.5** 


Sr—  99* 
83*— 102* 
78«_  92* 
82*—  94* 
77*—  78* 
740—    74.50 


Time. 
5 

5 
5 
5 
5 
5 


From  these  figures  we  may  calculate,  by  the  same  method  as  before, 
the  following  values :  — 


Ko,  TangenU,      Webers.        VdU$. 

1.  5.146  29.33  53.088 

2.  5.145  29.33  53.088 

3.  2.605  14.85  37.560 

4.  2.605  14.85  42.170 

5.  0.194  1.11  4.730 

6.  0.079  0.448  3.396 


VoU- 
Webere. 

1557 

1557 
557.8 
626.3 


Hone- 
powere. 

2.088 
2.088 
0.748 
0.8396 


Beat- 
UnUe, 

36 

38 

28 
24 


J7or«e> 
powers, 

0.8424 
0.8890 
0.6552 
0.5616 


5.24    0.0703       2      0.0468 
1.52    0.00204      1      0.0234 


These  results  simply  confirm  and  extend  the  conclusions  reached 
by  the  discussion  of  the  first  series.  The  final  relation  between 
the  values  obtained  will  appear  more  clearly  if  we  calculate,  for 
both  series,  the  percentage  of  work  utilized  under  the  conditions 
of  the  experiments. 

FIRST  SERI£S  OF  BXPBRIMENTS.  » 


Heal- 

Horte-        P' 

p" 

p"' 

e 

No.BCorC*R* 

Units. 

powers.       p 

p 

p 

*« 

1. 

2418 

138.3 

3.235     21.86 

4.74 

21.70 

0.S74 

2. 

3667 

210.2 

4.920     29.81 

12.06 

40.45 

0.529 

3. 

3664 

208.8 

4.886     34.88 

16.79 

45.97 

0-691 

4. 

4053 

232.3 

5.345     45.52 

21.56 

47.36 

0.971 

5. 

2703 

155.0 

3.624     59.67 

37.75 

63.26 

1.622 

SECOND  SERIES  OF  EXPERIMENTS. 

1. 

929 

53.24 

1.245     59.67 

40.36 

67.64 

1.662 

2. 

929 

53.24 

1.245     59.67 

42.59 

71.38 

1,662 

3. 

465.2 

26.67 

0.624     64.79 

66.89 

103.24 

3.176 

4. 

405.7 

23.24 

0.544     83.42 

87.60 

105.00 

2.779 

5. 

4.346     0.249 

0.0583  82.90 

66.57 

80.30 

5.279 

6. 

1.376     0.079  0.0018  90.36 

10.131 

The  second  column  in  these  tables  represents  the  volt-webers  of 
energy  available  in  the  heating  coil,  and  is  equivalent  to  C^R'. 
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Since  one  volt-weber  is  equal  to  .05732  heat  unit  (pound-degree 
F.)  column  third  is  obtained  by  multiplying  column  second  by  this 
decimal.  And  as  one  horse-power  is  equal  to  746  volt-webers, 
column  fourth  is  obtained  by  dividing  column  second  by  this  num- 
ber. In  the  fifth,  sixth  and  seventh  columns,  P  represents  the 
total  energy  of  the  circuit,  expressed  in  horse-powers,  P'  the 
energy  theoretically  available  in  the  heating  coil,  and  P"  the 
energy  actually  obtained  in  the  calorimeter,  expressed  in  the  same 
unit.  Column  fifth,  therefore,  gives  the  ratio  of  the  theoretical 
effect  to  the  total  effect,  expressed  in  percentages.  Hence  the 
values  there  given  represent  the  theoretical  efficiency  of  a  heating 
coil  having  the  resistance  of  the  one  used  in  each  particular 
experiment.  Column  sixth  gives  the  percentage  of  effect  actually 
realized  in  heating  the  water.  Column  seventh  gives  the  ratio  in 
percentages,  of  these  last  two  values ;  or  in  other  words  the  per- 
centage of  the  energy  theoretically  available  which  was  actually 
obtained  in  the  experiment.  On  examining  the  figures,  we  notice 
that  the  first  ratio  continues  to  increase  steadily  throughout.  This 
is  as  it  should  be,  since  this  column  represents  essentially  the  ratio 
of  the  resistance  of  the  heating  coil  to  that  of  the  whole  circuit, 
which  ratio  increases  continually.  In  the  second  place,  the  ratio 
which  the  actual  energy  obtained  in  the  calorimeter  bears  to  that 
of  the  entire  circuit  also  continues  to  increase  throughout.  And 
finally  the  seventh  column  shows  us  that  the  percentage  of  useful 
effect  increases  from  first  to  last.  As  these  tables  are  arranged 
on  the  basis  of  an  increasing  resistance  both  partial  and  total,  the 
general  conclusion  follows  that  the  percentage  of  useful  effect, 
both  as  regards  theoretical  and  actual  yield,  increases  as  the 
resistance  of  the  circuit  increases ;  or  better,  as  the  ratio  of  the 
resistance  of  the  external  to  the  internal  circuit  increases.  This 
increase  in  the  ratio  of  the  resistance  is  shown  in  column  eight. 

Since  we  have  shown  above  that  the  maximum  work  obtainable 
as  heat  is  reached  in  the  fourth  experiment  of  the  first  series, 
while  now  it  appears  that  the  percentage  of  efficiency  continues 
to  rise  throughout  the  experiments,  it  is  evident  that  the  absolute 
efficiency  of  the  machine  is  a  value  of  quite  a  different  order  from 
the  relative  efficiency.  The  maximum  amount  of  heat-energy 
obtainable  in  the  calorimeter  with  a  given  machine,  being  one 
thing  and  the  proportion  of  the  current-energy  thus  utilized  being 
quite  another.     Further  experiments  must  be  made  to  ascertain 
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the  conditions  under  which  the  largest  amount  of  energy  can  be 
utilized  in  the  external  circuit.  To  do  this,  the  experiments 
must  be  made  under  exactly  the  same  circumstances,  the  current- 
strength  must  be  the  same  and  the  total  resistance  the  same  while 
the  ratio  o(  the  external  to  the  internal  resistance  must  be  varied. 
This  may  be  done,  either  by  using  a  machine  whose  internal 
resistance  may  be  varied,  or  by  adding  to  the  external  circuit  and 
increasing  its  electromotive  force  to  compensate  for  the  inqreased 
resistance. 

A  third  series  of  experiments  was  made  simply  with  the  view 
of  ascertaining  how  long  it  would  take  to  boil  a  gallon  (8  pounds) 
of  water  by  means  of  a  resistance  coil.  The  machine  was  driven 
by  a  two  inch  belt  and  the  data  of  the  experiment  were  as  fol- 
lows :  — 

RESISTANCE. 

No,  Speed.  Coil.  Total.       Deflection.       Temperature.         Time. 

1.  800  2.00  3.00  79"  87°  — 132"  5 

2.  800  2.00  3.00  79^  132**  — 206**  5 

3.  800  2.00  3.00  79°  175°  — 206°  5 

4.  800  2.00  3.00  79°  206°  — 2l2°  1.5 

Calculating  the  various  values  as  before  from  these  data,  we  have 
the  following  results :  — 

Volt-  Hone-       JTeat-        Horge- 

No.      Tangents.      Webers.        VoUt.        Webere.      powert.       Unite,      powere. 

1.  5.145  29.33  87.99  2581  3.461  72  1.684 

2.  5.145  29.33  87.99  2581  3.461  68.8  1.609 

3.  5.145  29.33  87.99  2581  8.461  49.6  1.161 

4.  5.145  29.33  87.99  2581  3.461  32  0.749 

It  will  be  noticed  that  in  the  first  of  the  above  experiments  the 
heat  communicated  to  the  water  was  very  nearly  half  (48.66  per 
cent)  of  the  total  energy  in  the  circuit.  But  as  the  temperature 
of  the  calorimeter  rose,  the  loss  by  radiation  and  convection  be- 
came continually  greater,  thus  diminishing  the  efficiency.  The 
fact  here  shown  is  that  a  gallon  of  water  was  raised  from  the 
temperature  of  87°  to  the  boiling  point  by  means  of  a  coil  of  two 
ohms  resistance,  in  16.5  minutes.  Eggs  were  cooked  in  the  water 
while  boiling. 

On  the  question  of  the  cost  of  heating  by  electricity,  the  main 
point,  of  course,  is  the  cost  of  the  electricity.  One  horse-power 
(or  33,000  foot-pounds  of  energy  per  minute)  as  we  have  seen, 
corresponds  to  746  volt-webers  of  current  per  second,  equivalent  to 
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42.7  heat-units  per  minute.  The  cost  of  a  horse-power  is  very  vari- 
able but  for  the  larger  class  of  steam  engines  burning  coal,  a  fair 
average  is  perhaps  four  cents  per  hour.  Hence  1,980,000  foot- 
pounds, or  about  2,500  heat-units,  costs  four  cents.  Using  there- 
fore such  a  steam  engine  to  drive  a  dynamo-machine  utilizing  87 
per  cent  of  the  energy  applied  to  it,  and  allowing  one-quarter  for 
the  heat-energy  realized  in  actual  practice,  the  cost  of  100  heat- 
units  would  be  about  eight-tenths  of  a  cent.  If  the  dynamo-machine 
be  driven  by  a  gas-engine,  the  cost  is  somewhat  greater.  The 
Otto  silent  gas  engine,  perhaps  the  best  of  its  class,  requires,  on 
the  average,  21.5  cubic  feet  of  gas  per  hour  to  produce  one  horse- 
power. At  the  rate  of  $2.00  a  thousand  feet  for  gas,  one  horse- 
power would  cost  about  4.3  cents,  or  nearly  eight  per  cent  more  than 
when  steam  is  used.  Hence  the  cost  of  100  units  of  heat  pro- 
duced by  the  dynamo-machine  under  these  conditions  would  be  not 
far  from  nine-tenths  of  a  cent.  Another  and  a  very  promising 
method  of  producing  electricity  cheaply  is  by  means  of  thermo- 
batteries,  which  aim  to  utilize  the  heat  of  the  fuel  by  converting  it 
into  electricity  directly.  .  The  latest  thermo-battery  which  has  been 
constructed  is  that  of  M.  Clamond  which,  with  a  consumption  of 
.  about  21  pounds  of  coke  per  hour,  generates  a  current  which  in 
mechanical  energy  is  equivalent  to  something  over  two  horse- 
powers. If  we  allow  the  coke  to  cost  $4.00  per  ton,  a  horse- 
power per  hour,  generated  in  this  way,  would  cost  2.1  cents,  or 
something  more  than  half  the  price  of  the  same  power  produced 
by  steam.  If  only  one-quarter  of  the  current  energy  be  utilized, 
the  cost  of  100  heat-units  generated  by  thermo-electricity  would 
be  about  four-tenths  of  a  cent. 

These  results  will  be  increased  in  value  if  we  compare  them 
with  the  cost  of  direct  heating  by  either  solid  or  gaseous  fuel. 
The  amount  of  energy  in  a  pound  of  coal  corresponds  to  about 
12,000  units  of  heat  and  in  4  cubic  foot  of  gas  to  about  650  heat- 
units.  But  practically,  a  pound  of  coal  will  not  evaporate  over 
nine  pounds  of  water,  equivalent  to  about  8700  heat  units.  And 
a  cubic  foot  of  gas  may  be  assumed  not  to  yield  over  150  heat- 
units  in  actual  practice.  To  produce  100  heat-units  therefore 
would  require  one  eighty-seventh  of  a  pound  of  coal,  or  two-thirds 
of  a  cubic  foot  of  gas.  With  the  coal  at  $4.00  per  ton,  100  units 
of  heat  would  cost  something  over  two-thousandths  of  a  cent. 
And  with  gas  at  $2.00  per  thousand  feet,  the  cost  of  100   heat- 
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units  would  be  thirteen-hundredths  of  a  cent.  If  we  assume  the 
above  values  to  be  correct,  and  no  error  has  been  made  in  the  cal- 
calation,  we  see  that  calling  the  cost  of  100  heat-units  produced 
by  the  direct  burning  of  coal  1,  the  cost  of  heating  by  gas  directly 
is  65,  that  of  heating  by  a  thermo-electric  current  is  200,  that  of 
electrical  heating  by  steam-power  is  400  and  that  by  a  gas  engine 
is  450.     These  results  may  be  tabulated  as  follows :  — 

RELATIVE  COST  OF  100  HEATUNITS. 

Cat  0/ 100 
Method.  Price.  Heat-unite.  Jteat-units,     Ratio. 

A.  By  combnstioa. 

a.    Of  coal  $iprton  lib.      =8700  .003  1 

h.    Of  coal  gas  $2  pr  1000  fU       1  ca.  ft.  =  150  .130  65 

B.  By  electricity. 

a.   By  dynamo-iQacbines. 

a.DrWenby6teamlH.  F.=4  cents.      1H.P.=:2500  .100  400 

p.  Driven  by  gas  engine  IH.  P.  =  4.3  ctp.lH.P =2500  .900  450 

6.    By  Thermo-battery.  Coke  $  4  pr  ton,  1  lb.  =  250  .400  200 

The  experiments  above  detailed  were  made  in  Ansonia,.  Con- 
necticut, at  the  factoryof  Wallace  and  Sons.  To  them,  therefore, 
I  desire  to  express  my  sincere  obligations  for  the  facilities  given 
and  the  assistance  rendered.  To.  Mr.  Charles  Stowell  my  thanks 
are  especially  due  for  valuable  personal  services. 

Philadblphia,  August  20,  1879. 


On  a  Curious  Case  of  Crystallization  of  Canada  Balsam.    By 
George  F.  Barker,  of  Philadelphia,  Pa. 

Mt  object  in  the  present  paper  is  simply  to  put  on  record  the 
facts  concerning  a  remarkably  perfect  negative  crystallization  of 
Canada  Balsam,  and  thus  to  call  the  attention  of  observers  to  the 
matter,  in  the  hope  of  accumulating  more  data  not  only  with  ref- 
erence to  this  phenomenon  but  also  to  those  which  are  allied  to  it. 
Some  time  in  the  early  spring  of  1875,  a  hunting  expedition  left 
Rawlins,  Wyoming  Territory,  and  went  up  into  the  Sweetwater 
region,  a  hundred  miles  or  so  north  of  that  place,  in  search  of 
game.    During  their  absence,  a  field  glass  belonging  to  one  of  the 
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party  was  lost.  In  the  summer  of  1878,  a  party  of  Ute  Indians 
came  into  Rawlins  having  the  lost  field  glass  in  their  possession. 
It  had  lain  out  exposed  to  the  weather  for  over  three  years,  the 
case  showing  good  evidence  of  the  hard  usage  it  had  undergone. 
The  eye  lenses  were  in  apparently  perfect  condition.  But  the 
object  glasses  were  entirely  ruined  for  the  purpose  for  which  they 
were  intended,  being  covered  with  an  abundant  arborescent  crys- 
tallization which  rendered  them  partially  opake.  My  attention 
was  first  called  to  them  by  Mr.  R.  M.  Galbraith  of  Rawlins,  at 
that  time  their  owner.     He  supposed  that  the  crystallization  was 


in  the  glass  itself,  and  accordingly  sent  one  of  the  lenses — an  ach- 
romatic combination — to  me  in  order  that  I  might  have  a  new  pair 
made  exactly  like  the  crystallized  ones,  to  be  put  in  their  places. 
On  examination,  however,  in  connection  with  Mr.  Zentmayer  of 
this  city,  it  was  at  once  evident  that  the  cr3^stallization  referred  to 
was  not  in  the  glass  as  had  been  supposed,  but  only  in  the  balsam 
with  which  the  glasses  of  the  achromatic  had  been  cemented 
together.  Since  therefore,  b}^  cleaning  off  the  old  and  crystallized 
balsam  and  re-cementing  the  lenses,  the  object  glasses  would  be- 
come perfect  again  and  the  expense  of  new  lenses  be  saved,  I 
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wrote  to  Mr.  Galbraith  to  send  me  the  second  and  more  beautifully 
crystallized  objective  in  order  to  re-cement  that  also.  This  he 
accordingly  did ;  but  with  an  expressed  regret  that  the  beautiful 
forms  must  be  sacrificed.  On  receiving  the  glass,  the  crystalliza- 
tions were  so  beautiful  that  I  too  desired  to  preserve  them  in  some 
form.  Taking  them  to  Mr.  E.  L.  Wilson  of  this  city  he  was  kind 
enough  to  take  an  interest  in  the  matter  and  to  produce  for  me  an 
exquisite  set  of  four  photographs  of  the  crystals,  quite  as  beauti- 
ful as  the  originals.  The  less  beautiful  glass  was  photographed 
but  once.  But  the  other  had  three  negatives  taken  of  it  under 
three  different  lights.  I  have  pleasure  in  presenting  to  the  Section 
prints  from  each  of  the  four  negatives.  (The  accompanying  wood 
,  cut  has  been  engraved  from  one  of  the  best  of  these  photographs.)* 
After  the  negatives  had  been  taken,  the  glasses  were  cleaned  and 
re-cemented  and  then  were  in  perfect  condition.  They  were 
returned  to  Mr.  Galbraith,  with  a  set  of  the  photographs. 

On  examining  crttically  the  photographs  it  will  be  observed  that 
the  crystallizations  are  arborescent  and  of  great  beauty.  The 
minuteness  of  the  subdivisions  is  quite  remarkable,  the  more  so 
when  we  consider  the  viscous  material  in  which  these  crystalliza- 
tions took  place,  and  the  manner  of  their  formation.  The  most 
curious  thing  about  them  however,  undoubtedly,  is  the  fact  that  the 
forms  themselves  are  hollow,  being  cavities  surrounded  by  the  crys- 
tallizing material,  the  balsam.  This  fact  of  itself  would  seem  to 
negative  the  two  most  natural  hypotheses  of  the  formation  of 
these  crystals.  In  the  first  place,  it  might  be  supposed  that  the 
crystallization  is  due  to  the  non-homogeneity  of  the  cementing 
material.  Canada  balsam,  as  is  well  known,  is  a  mixture  of  two 
or  more  resins  dissolved  in  a  volatile  oil,  probably  a  terpene.  Now 
since  one  of  these  resins  is  crystallizable,  the  suggestion  at  once 
occurs  that  the  intense  cold  of  the  winter  where  the  glass  was 
exposed  has  caused  the  separation  of  this  resin  from  the  other 
constituents,  in  the  crystalline  form.  Or,  in  the  second  place,  the 
phenomenon  might  be  attributed  to  a  frost-like  or  dendritic  crys- 
tallization of  water  or  of  a  saline  solution,  drawn  in  between  the 
glasses  by  capillary  attraction.  Neither  of  these  explanations 
seems  to  accord  with  the  fact,  since  in  either,  the  resulting  crystals 
would  be  solid  and  not  hollow.     When  viewed  with  a  magnifying 

>  I  am  indebted  to  the  courtesy  of  the  Scientific  American  for  this  electrotype  cat. 
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glass,  the  branches,  especially  near  their  ends,  show  plainly  that 
the  crystallization  has  progressed  gradually  by  a  withdrawal  of 
the  material  from  several  nuclei  at  once,  these  becoming  the 
centers  from  which  the  crystals  have  radiated.  The  evidence  of 
this  is  particularly  strong  near  the  ends  of  the  larger  branchlets, 
where  can  be  seen  curves  concentric  with  the  rounded  end  of  the 
branch,  for  some  distance  inward.  The  edges  of  these  arborescent 
forms,  moreover,  are  all  rounded,  as  if  in  the  viscous  material  only 
the  stronger  forces  had  been  able  to  act.  In  view  of  all  the  facts, 
the  most  probable  theory  is  that  we  have  here  a  crystallization 
produced,  or  at  least  directed,  by  some  constituent  of  the  balsam 
itself.  But  the  conditions  under  which  the  glass  must  have  been 
exposed  in  order  to  cause  this  result  do  not  seem  clear.  It  is 
easy  to  understand  that  when  a  substance  is  passing  to  the  solid 
state  from  solution,  the  molecules  may  be  arranged  in  the  form  of 
regular  crystals  by  their  polarity.  Nor  is  it  difficult  to  compre- 
hend the  reverse  process  and  to  see  how  cryst^line  structure  may 
be  developed  in  an  irregular  mass  by  the  action  of  a  solvent  which 
takes  apart  the  molecules  according  to  the  law  of  their  constitu- 
tion. But  it  is  not  easy  to  understand  how  the  contraction  of  the 
balsam,  produced  by  the  slow  removal  of  some  volatile  constitu- 
ent, perhaps,  should  cause  the  gradual  withdrawal  of  the  material 
from  certain  well  defined  centers  so  as  to  produce  thjese  beautiful 
forms  of  arborescent  crystallization.  As  will  be  easily  seen  on 
inspection,  the  branchings  do  not  take  place  at  right  angles,  but 
at  angles  of  about  thirty  degrees,  which  suggests  of  course,  that  the 
forms  are  hexagonal. 

[Note. — Since  preparing  the  above  paper,  I  have  received  from 
Mr.  Galbraith  another  letter  in  which  he  informs  me  that  about 
the  last  of  July,  1879,  the  Ute  Indians  brought  into  Rawlins  a 
second  pair  of  field  glasses,  which  they  said  they  had  found  in  the 
White  River  country.  These  glasses  had  the  United  States  Sig- 
nal Service  mark  upon  them,  and  had  the  appearance  of  having 
been  exposed  to  the  weather  for  a  long  time,  the  lacquer  being  all 
off  the  case  and  the  brass  corroded.  Curiously  enough,  there  wat 
the  same  arborescent  crystallization  in  the  balsam  between  the 
components  of  the  object  glass  which  was  observed  in  the  former 
case ;  only,  as  Mr.  Galbraith  writes,  they  were  much  more  beauti- 
ful than  those  which  he  sent  me.] 
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On  the  Phenomena  op  '  heating  Metals  in  yaouo  bt  means  of 
AN  Electric  Current.  By  Thos.  A.  Edison,  of  Menlo  Park, 
N.J. 

In  course  of  my  experiments  on  electric  lighting  I  have  de- 
veloped some  striking  phenomena  arising  from  the  heating  of 
metals  by  flames  and  by  the  electric  current,  especially  wires  of 
platinum  and  platinum  alloyed  with  iridium.  The  experiments 
are  still  in  progress. 

The  first  fact  observed  was,  that  platinum  lost  weight  when 
heated  in  a  flame  of  hydrogen,  that  the  metal  colored  the  flame 
green,  and  that  these  two  results  continued  until  the  whole  of  the 
platinum  in  contact  with  the  flame  had  disappeared. 

A  platinum  wire  four  thousandths  of  an  inch  in  diameter  and 
weighing  306  milligrammes  was  bunched  together  and  suspended 
in  a  hydrogen  flame.  It  lost  weight  at  a  fraction  less  than  one 
milligramme  per  hour  as  long  as  it  was  suspended  in  the  flame. 

When  the  platinum  wire  is  stretched  between  two  clamping 
posts  and  arranged  to  pass  through  a  hydrogen  flame,  it  is  colored 
a  light  green,  but  when  the  temperature  of  the  wire  is  raised  above 
that  of  the  flame  by  passing  a  current  through  it,  the  flame  is 
colored  a  deep  green.  To  ascertain  the  diminution  in  the  weight 
of  a  platinum  wire  when  heated  by  the  electric  current,  I  placed 
between  two  clamping  posts  a  wire  five  thousandths  of  an  inch  in 
diameter  and  weighing  266  milligrammes.  This  wire,  after  it  was 
brought  to  incandescence  for  twenty  minutes  by  the  current,  gave 
a  loss  of  three  milligrammes.  Afterwards  it  was  kept  incandes- 
cent for  one  hour  and  ten  minutes,  at  which  time  it  weighed  258 
milligrammes,  a  total  loss  of  8  milligrammes.  Another  wire, 
weighing  343  milligrammes  was  kept  moderately  incandescent  for 
nine  consecutive  hours,  after  which  it  weighed  301  milligrammes, 
showing  a  total  loss  of  42  milligrammes.  A  platinum  wire  twenty 
one-thousandths  of  an  inch  in  diameter  was  wound  in  the  shape  of 
a  spiral,  one-eighth  of  an  inch  in  diameter  and  one-half  an  inch  in 
length.  The  two  ends  of  the  spiral  were  secured  to  clamping 
posts,  and  the  whole  apparatus  was  covered  with  a  glass  shade 
2i  inches  in  diameter  and  3  inches  high.  Upon  bringing  the* 
spiral  to  incandescence  for  twenty  minutes,  that  part  of  the  globe 
in  line  with  the  sides  of  the  spiral  became  slightly  darkened ;  in 
five  hours  the  deposit  became  so  thick  that  the  incandescent  spu:al 
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could  scarcely  be  seen  through  the  deposit.  This  film,  which  was 
most  perfect,  consisted  of  platinum  and  I  have  no  doubt  but  large 
plates  of  glass  might  be  coated  economically  by  placing  them  on 
each  side  of  a  large  sheet  of  platinum  kept  incandescent  by  the 
electric  current. 

This  loss  in  weight,  together  with  the  deposit  upon  the  glass, 
presented  a  very  serious  obstacle  to  the  use  of  metallic  wires  for 
giving  light  by  incandescence,  but  this  was  easily  surmounted 
after  the  cause  was  ascertained.  I  coated  the  wire  forming  the 
spiral  with  the  oxide  of  magnesium,  by  dusting  upon  it  finely 
powdered  acetate  of  magnesium.  While  incandescent  the  salt 
was  decomposed  by  the  heat  an<l  there  remained  a  strongly  ad- 
herent coating  of  the  oxide.  This  spiral,  so  coated,  was  covered 
with  a  glass  shade  and  brought  to  incandescence  for  several  min- 
utes, but,  instead  of  a  deposit  of  platinum  upon  the  glass,  there 
was  a  deposit  of  oxide  of  magnesia.  From  this  and  other  experi- 
ments I  have  become  convinced  that  this  effect  was  due  to  the 
washing  action  of  the  air  upon  the  spiral.  That  the  loss  of 
weight  in  and  the  coloration  of  the  h3'drogeh  fiame  was  also  due 
to  the  wearing  awa^  of  the  surface  of  the  platina  by  the  attrition 
produced  by  the  impact  of  the  stream  of  gases  upon  the  highly 
incandescent  surface,  and  not  to  volatilization  as  commonly  under- 
stood. After  the  experiment  last  described,  I  placed  a  spiral  of 
platinum  in  the  receiver  of  a  common  air  pump  and  arranged  it 
in  such  a  manner  that  the  current  could  pass  through  while  the 
receiver  was  exhausted.  At  a  pressure  of  2  millimeters,  the 
spiral  was  kept  at  incandescence  for  two  hours  before  the  deposit 
was  sufficient  to  become  visible.  In  another  experiment,  at  a 
higher  exhaustion,  it  required  five  hours  before  a  deposit  became 
visible. 

In  a  sealed  glass  bulb,  exhausted  by  a  Sprengil  pump  to  a 
point  where  a  ^  inch  spark  from  an  induction  coil  would  not  pass 
between  points  one  millimeter  apart,  was  placed  a  spiral,  the 
connecting  wires  passing  through  the  glass.  This  spiral  has  been 
kept  at  the  most  dazzling  incandescence  for  hours  without  the 
slightest  deposit  becoming  visible. 

•     I  will  now  describe  other  and  far  more  important  phenomena 
connected  with  my  es;periments. 

If  a  short  length  of  platinum  wire,  one  thousandth  of  an  inch 
in  diameter,  be  held  in  the  flame  of  a  Bunsen  burner,  at  some  part 
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it  will  fu8e  and  a  piece  of  the  wire  will  be  bent  at  an  angle  by 
the  action  of  the  globule  of  platinum.  In  some  cases  there  are 
several  globules  formed  simultaneously,  and  the  wire  assumes  a 
zigzag  shape. 

With  a  wire  four  one-thousandths  of  an  inch  in  diameter  this 
effect  does  not  take  place,  as  the  temperature  cannot  be  raised  to 
equal  that  of  the  smaller  wire,  owing  to  the  increased  radiating 
surface  and  mass.  After  heating,  if  the  wire  be  examined  under 
a  microscope,  that  part  of  the  surface  which  has  been  incandescent 
will  be  found  covered- with  innumerable  cracks.  If  the  wire  be 
placed  between  clamping  posts  and  heated  to  an  incandescence 
for  twenty  minutes,  by  the  passage  of  the  electric  current,  the 
cracks  will  be  so  enlarged  as  to  be  seen  with  the  naked  eye.  The 
wire  under  the  microscope  presents  a  shrunken  appearance  and 
is  full  of  deep  cracks.  If  the  current  is  continued  for  several 
hours  these  effects  will  so  increase  that  the  wire  will  fall  to 
pieces. 

This  disintegration  in  platina,  long  subjected  to  the  action  of  a 
flame,  has  been  noticed  by  Prof.  John  W.  Draper.  The  failure 
of  the  process  of  lighting  invented  by  the  French  chemist,  Tessie 
du  Motay,  who  raised  sheets  of  platinum  to  incnndoscence  by 
introtlucing  it  into  a  hydrogen  flame,  was  *due  to  the  rapid  dibiute- 
gration  of  the  metal. 

I  have  ascertained  the  cause  of  this  phenomenon  and  have  suc- 
ceeded in  eliminating  that  which  produces  it,  and  in  doing  so 
have  produced  a  metal  in  a  state  hitherto  unknown  and  which  is 
absolutely  stable  at  a  temperature  where  nearly  all  substances  melt 
or  are  consumed  ;  a  metal  which,  although  originally  soft  and  pli- 
able, becomes  as  homogeneous  as  glass  and  as  rigid  as  steel.  When 
wound  in  the  form  of  a  spiral,  it  is  as  springy  and  elastic  when  at 
the  most  dazzling  incandescence  as  when  cold,  and  which  cannot 
be  annealed  by  any  process  now  commonly  known. 

The  cause  of  this  springing  and  oracking  of  the  wire  is  due 
entirely  to  the  expansion  of  the  air  in  the  mechanical  and  phy- 
sical pores  of  platinum,  and  the  contnu  lion  upon  the  escape  of 
the  air. 

Platinum,  as  sold  in  commerce,  may  ho  compared  to  sandstone, 
in  which  the  whole  is  made  up  of  a  ^itat  number  of  particles 
with  many  air  spaces.  The  sandstone  r.pon  ntelting  becomes 
homogeneous  and  no  air  spaces  exist.     ^\  ith  i)latinum  or  Any 
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metal,  the  air  spaces  may  be  eliminated  and  the  metal  made 
homogeneous  by  a  very  simple  process.  This  process  I  will  now 
describe. 

I  had  made  a  large  number  of  platinum  Iridium  spirals,  all  of 
the  same  size  and  from  the  same  quality  of  wire.  Each  spiral 
presented  to  the  air  a  radiating  surface  of  three-sixteenths  of  an 
inch,  five  of  these  were  brought  by  the  electric  current  up  to  the 
melting  point.  The  light  was  measured  by  a  photometer,  and 
the  average  light  was  equal  to  four  standard  candles  for  each 
spiral  just  at  the  melting  point.  One  of  the  same  kind  of  spirals 
was  placed  in  the  receiver  of  an  air  pump,  and  the  air  exhausted 
to  two  millimeters,  a  weak  current  was  then  passed  through  the 
wire  to  slightly  warm  it,  for  the  purpose  of  assisting  the  passage 
of  air  from  the  pores  of  the  metal  into  the  vacuum.  The  temper- 
ature of  the  wire  was  gradually  augmented,  at  intervals  of  ten 
minutes,  until  it  became  red.  The  object  of  slowly  increasing 
the  temperature  was  to  allow  the  air  to  pass  out  gradually,  and 
not  explosively.  Afterwards,  the  current  was  increased  at  inter- 
vals of  fifteen  minutes.  Before  each  increase  in  the  current  the 
wire  was  allowed  to  cool,  aud  the  contraction  and  expansion  at 
these  high  temperatures  caused  the  wire  to  melt  together  at  the 
points  previouBly  contafuing  air.  In  one  hour  and  forty  mihutes 
this  spiral  had  reached  such  a  temperature  without  melting  that  it 
was  giving  a  light  of  twenty-five  standard  candles,  whereas  it 
would  undoubtedly  have  melted  before  it  gave  a  light  of  five  can- 
dles had  it  not  been  put  through  the  above  process.  Several 
more  spirals  were  afterwards  tried  with  the  same  result.  One 
sjiiral,  which  had  been  brought  to  these  high  temperatures  more 
slowly,  gave  a  light  equal  to  thirty  standard  candles.  In  the 
open  air  this  spiral  gave  nearly  the  same  light,  although  it  re- 
quired more  current  to  keep  it  at  the  same  temperature. 

Upon  examination  of  these  spirals  which  had  passed  through 
the  vacuum  process,  by  the  aid  of  a  microscope,  no  cracks  were 
visible,  the  wire  had  become  as  white  as  silver  and  had  a  polish 
which  could  not  be  given  it  by  any  other  means.  The  wire  had 
a  less  diameter  than  before  treatment,  and  it  was  exceedingly 
difl3cult  to  melt  in  the  oxyhydrogen  flame  as  compared  with  un- 
treated platinum,  it  was  as  hard  as  the  steel  wire  used  in  pianos 
and  it  could  not  be  annealed  at  any  temperature;  it  was  also 
scarcely  attacked  by  boiling  aqua  regia. 


Digitized  by  VjOOQ IC 


BY  THOMAS   A.   EDISON.  177 

My  experiments  with  many  metals  treated  by  this  process  has 
proved  to  my  satisfaction,  and  I  hare  no  hesitation  in  stating  that 
what  is  known  as  annealing  of  metals,  to  make  them  soft  and 
pliable,  is  nothing  more  than  the  cracking  of  the  metal.  In  every 
case  where  a  hard  drawn  wire  had  been  annealed,  a  powerful  mi- 
croscope revealed  myriads  of  cracks  in  the  metal. 

Since  the  experiments  of  which  I  have  just  spoken,  I  have  by 
the  aid  of  Sprengel  mercury  pumps  produced  higher  exhaustions 
and  have,  by  consuming  five  hours  in  excluding  air  from  the  wire 
and  intermitting  the  current,  a  great  number  of  times  succeeded  in 
obtaining  a  light  of  eight  standard  candles  from  a  spiral  of  wire 
with  a  total  radiating  surface  of  one-thirty  second  of  an  inch,  or 
a  surface  about  equal  to  a  grain  of  buckwheat.  With  spirals  of 
this  small  size  which  have  not  passed  through  the  process  the 
average  amount  of  light  given  out  before  melting  is  less  than  one 
standard  candle.  Thus  I  am  enabled  by  the  increased  capacity  of 
platinum  to  withstand  high  temperatures  to  employ  small  radiating 
surfaces  and  thus  reduce  the  energy  required  per  candle  light.  I 
can  now  obtain  eight  separate  jets,  each  giving  out  an  abundantly 
steady  light,  and  each  equal  to  sixteen  standard  candles  or  a  total 
of  one  hundred  and  twenty-eight  standard  candles  by  the  expen- 
diture of  30»000  foot  pounds  of  energy,  or  less  than  one  horse 
power. 

As  a  matter  of  curiosity  I  have  made  spirals  of  other  metals, 
and  excluded  the  air  from  them  in  the  manner  stated.  Common 
iron  wire  may  be  made  to  give  a  light  greater  than  platinum  not 
treated.  The  Tton  becomes  as  hard  as  steel  and  just  as  elastic. 
Nickel  is  far  more  refractory  than  iron.  Steel  wire  used  in  pianos 
becomes  decarbonized,  but  remains  hard  and  assumes  the  color  of 
silver.     Aluminum  melts  only  at  a  white  heat. 

In  conclusion,  it  may  be  interesting  to  state  that  the  melting 
points  of  many  oxides  are  dependent  upon  the  manner  of  apply- 
ing heat.  For  instance,  pure  oxide  of  Zirconium  does  not  fuse 
in  the  flame  of  the  oxyhydrogen  blowpipe,  while  it  melts  like  wax 
and  conducts  electricity  when  on  an  incandescent  platinum  spiral 
which  is  at  a  far  lower  temperature.  On  the  other  hand  oxide  of 
aluminum  easily  melts  in  the  oxyhydrogen  flame,  while  it  only 
vitrifies  on  the  platinum  spiral. 
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On  a  Resonant  Tuning  Fork.    By  Thomas  A.  Edison,  of  Menlo 
Park,  N.  J. 

[ABSTRACT.] 

Fob  the  purpose  of  rendering  audible  the  sounds  produced  by 
tuning  forks,  they  are  generally  mounted  upon  resonant  boxes 
containing  a  column  of  air  whose  vibrating  period  is  the  same  as 
that  of  the  fork.    I  have  devised  a  modification  of  this  plan,  by 


=o 


which  the  box  is  dispensed  with,  the  resonant  chamber,  as  is 
shown  in  the  cut,  being  formed  by  the  prongs  themselves.  To 
make  the  fork,  a  thick  tube  of  bell-metal,  one  end  of  which  is 
closed,  has  a  slit  sawed  longitudinally  through  its  center,  the 
slit  being  nearly  to  the  closed  end.  This  slit  divides  the  tube 
equally  and  gives  two  vibrating  prongs,  analogous  to  those  of  a 
fork.  To  bring  the  prongs  into  unison  with  the  column  of  air 
between  them,  the  tube  is  put  in  a  lathe  and  turned  thinner  until 
the  desired  point  is  reached  and  the  two  are  in  unison.  There- 
upon the  sound  of  the  fork  is  powerfully  reinforced. 


Methods  fob  Testing  Fabadic  Machines.    By  FBANas  R.  Upton, 
of  Menlo  Park,  N.  J. 

When  experimenting  with  machines  for  generating  large  quan- 
tities of  electricity  the  need  of  a  general  term  to  apply  to  them 
is  strongly  felt.  The  same  instrument  may  be  made  either  a 
dynamo-electrical  machine  or  a  magneto-electrical  machine  by  a 
simple  change  in  the  connections,  in  no  essential  altering  the 
method  of  procuring  the  current.  Mr.  Edison  last  winter  pro- 
posed that  they  be  called  Faradic  in  honor  of  Faraday.    Thus 
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naming  the  machines  may  be  taken  as  a  monument  to  the  investi- 
gator who  found  the  first  traces  of  the  phenomena  inTolved,  and 
gave  the  clearest  explanation  of  the  facts  and  laws  involved. 
More  than  this  it  may  be  considered  as  a  monument  proposed  to 
the  memory  of  the  greatest  experimental  investigator  of  the  laws 
of  electricity,  by  one  who  has  been  so  successful  in  applying  them. 
If  the  term  is  adopted  it  will  be  an  enduring  monument,  for 
there  is  every  prospect  that  many  thousands  of  these  machines 
will  come  into  use  in  a  few  years  for  lighting  purposes  and  for 
the  transmission  of  power. 

In  testing  such  machines  it  is  of  the  highest  importance  to 
know  the  amount  of  power  absorbed,  for  they  have  only  one 
function,  the  transformation  of  energy,  so  that  for  accurate  meas- 
urements a  good  transmitting  djmamometer  is  necessary.  Before 
a  form  was  adopted  the  faults  of  the  existing  styles  were  thor- 
oughly discussed. 

When  a  spring  is  used  to  transmit  power,  there  is  always  some 
play  in  the  bearings  of  the  apparatus  used  to  translate  the 
motion  of  the  spring  to  an  index.  The  constant  of  the  spring  is 
also  liable  to  change  fh>m  strain.  As  this  constant  also  is  deter- 
mined when  the  machine  is  at  rest,  it  is  extremely  difficult  to 
feel  sure  that  when  in  rotation  centrifhgal  force  will  not  disturb 
some  of  the  parts,  thus  altering  it.  The  small  amount  of  deflection 
that  can  be  readily  obtained  from  a  spring  tends  to  render  all 
readings  uncertain. 

In  one  form  of  dynamometer  designed  by  Mr.  Edison  magnets 
were  used  attached  to  the  driving  wheel  to  drag  after  them  arma- 
tures attached  to  the  receiving  wheel.  The  number  of  pounds  it 
took  to  detach  the  armatures  was  found  with  the  various  strengths 
of  current  while  the  machine  was  at  rest  and  the  results  tabulated. 
It  was  hoped  that  when  in  motion  the  table  thus  proposed  could 
be  utilized,  but  it  was  found  that  the  jar  of  the  belt  detached 
the  armatures  long  before  a  correct  measurement  could  be  obtained. 

In  the  Batchelor  form  of  dynamometer,  Diglers  Poly.  Journal, 
1844,  Vol.  2,  the  power  is  transmitted  by  means  of  gears ;  the 
teeth  of  the  wheels  are  used  as  the  points  of  the  system  of  levers 
by  which  the  power  is  measured  and  since  these  can  never  be 
made  perfectly  exact  and  must  necessarily  wear,  there  is  a  large 
element  of  uncertainty  introduced.  Prof.  Trowbridge  mentions  in 
his  Newport  tests  that  it  could  not  be  used  for  very  large  or  small 
amounts  of  power. 
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Ttie  Yon  Hefner  Alterneck  dynamometer  has  this  fault,  that 
only  a  small  movement  in  the  belt  is  utilized,  and  in  a  manner 
that  the  slapping  motion  has  a  maximum  of  effect.  In  all  the 
forms  mentioned  a  small  weight  is  used  which  is  measured 
either  by  a  poor  spring  balance  or  by  a  scale  with  uncertain  and 
changing  bearings,  or  indicated  by  the  amount  of  pull  in  a  trans- 
verse direction  of  a  stretched  belt.  Indeed  no  form  would  be 
chosen  for  a  weighing  machine,  though  the  mechanism  of  a  dyna- 
mometer is  nothing  more  than  this. 

Since  the  speed  can  be  measured  to  any  degree  of  accuracy, 
to  make  an  accurate  instrument  it  is  only  necessary  to  use  a  good 
weighing  apparatus,  and  this  I  think  Mr.  Edison  has  done.  The 
principle  on  which  his  instrument  rests  is  the  same  as  that  of  the 
Von  Hefner  Alterneck ;  the  speed  of  a  belt  and  the  strains  on  it 
are  measured,  from  which  is  calculated  the  foot  pounds  carried  by 
it. 

The  driving  side  of  the  belt  is  carried  under  the  pulley  attached 
to  a  weight,  from  which  is  placed  so  far  below  the  line  of  the 
driving  and  driven  pulley,  that  nearly  double  the  strain  on  the 
belt  is  lifted,  as  in  the  case  of  an  ordinary  block.  To  weigh  this 
amount,  the  weight  is  placed  on  a  platform  scale  and  the  diminu- 
tion due  to  the  pull  from  the  belt  measured.  A  large  load  of  900 
pounds  was  used  so  that  the  jar  due  to  the  movements  of  the  belt 
is  so  distributed  as  to  produce  very  little  effect  on  the  scale. 

The  belt  ran  about  1000  feet  in  a  minute*  so  that  100  pounds 
difference  represented  about  a  horse  and  a  half  power.  Since 
the  scale  showed  half  a  pound,  the  results  were  easily  measured 
within  one  per  cent.,  making  the  maximum  which  could  be  trans- 
mitted 13.5  H.  P.,  though  the  same  weight  could  be  made  to 
answer  for  transmitting  larger  amounts  of  power  by  increasing  the 
speed. 

The  volt  was  found  by  assuming  the  E.  M.  F.  of  a  Daniells  cell 
as  1.08  volts.  The  absolute  value  of  the  Daniells  is  of  little  con- 
sequence so  long  as  a  certain  value  can  be  assumed  by  common 
consent,  so  that  various  determinations  may  be  compared  with 
each  other,  until  new  determinations  have  t)een  made  of  the 
absolute  value.  The  form  of  cell  described  by  Wiedermann,  Vol. 
II,  Section  1057  was  used  consisting  of  electro-deposited  copper 
in  a  concentrated  solution  of  copper  sulphate  separated  by  a 
porous  cup  from  a  concentrated  solution  of  sulphate  of  zinc 
containing  a  plate  of  amalgamated  zinc. 
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If  in  any  circuit  the  difference  of  potential  between  the  two 
ends  of  a  resistance  be  known  the  current  may  readily  be  calcu- 
lated.   The  method  of  measuring  this  difference  was  as  follows. 

A  deflection  from  ten  standard  Daniells  cells  of  this  standard 
battery  was  obtained  on  a  high  resistance  galvanometer,  through 
60,000  ohms.  By  properly  adjusting  the  galvanometer  a  deflection 
of  108  scale  division  was  obtained  or  ten  for  every  volt's  difference 
of  potential  between  extremities  of  the  60,000  ohms. 

If,  for  example,  one  hundred  scale  divisions  were  obtained  by 
shunting  the  60,000  ohms  with  an  ohm  in  the  main  circuit,  it 
would  show  that  the  ten  volts  were  active  on  this  or  a  current  of 
ten  vebers  were  circulating. 

In  calculating  the  energy  in  the  circuit  44.8  foot  pounds  were 
taken  as  the  amount  given  off  from  an  ohm  when  a  veber  is  cir- 
culating through  it.  Thus  in  the  illustration  mentioned«we  should 
have  10^  X  44.8  =  4430  foot  pounds  given  off  by  ten  vebers  on 
one  ohm.  By  multiplying  this  amount  by  the  number  of  ohms 
in  the  circuit,  the  total  energy  of  the  electricity  may  be  calculated. 
The  resistances  were  measured  by  comparison  with  a  standard  set 
made  by  Elliot  Bros,  of  London.  Those  used  consisted  of  copper 
wire  wound  in  the  open  air  around  supports.  A  very  convenient 
form  consisted  of  a  framework  one  foot  three  inches  in  height,  and 
six  inches  across,  wound  with  No.  22  wire  eight  turns  to  an  inch, 
each  box  having  a  little  more  than  three  ohms  in  it.  By  placing 
these  in  multiple  arc  the  heating  effect  of  the  current  could  be 
reduced  to  a  very  small  amount.  As  a  precaution  the  apparatus 
was  so  arranged  that  the  resistance  could  be  measured  immediately 
after  the  strong  current  ceased.  In  connection  with  this  method 
Trowbridge's  form  of  electro-dynamometer  was  used.  This  in- 
strument is  most  admirably  adapted  for  practical  use,  as  the  parts 
are  so  heavy  as  not  to  be  easily  affected  by  jars,  and  above  all 
the  presence  of  iron  has  very  little  effect  on  it.  I  have  used  it 
placed  on  an  ordinary  table  in  the  machine  shop  near  the  magnets, 
and  found  its  indications  extremely  reliable.  It  was  used  by  the 
method  of  sines  since  by  so  doing  the  error  due  to  the  attraction 
of  the  earth's  maghetism  could  be  eliminated. 

The  first  machine  tested  was  the  medium  sized  Gramme  and 
the  following  relations  were  established.  A  constant  field  was 
made  by  passing  the  current  from  another  machine  around  the 
magnet,  and  measurements  were  made  of  the  currents  produced 
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by  the  armatare  revolving  in  this  field  when  the  resistance  in  the 
circuit  was  varied.  The  number  of  volts  was  calculated  from  this. 
The  results  are  shown  in  table  I,  the  column  marked  vebers 
denoting  the  current  while  that  marked  volts  indicates  the  electro- 
motive force. 

TABLE  I. 


VEBERS. 

VOLTS. 

4.72 

47.7 

6.4 

47. 

7.0 

48.2 

8.9 

85.6 

9.9 

85.1 

10.8 

88.1 

12.0 

80.2 

It  will  be  noticed  that  the  £.  M.  F.  of  the  machine  decreases 
as  the  current  taken  from  it  increases.  This  is  analogous  to  the 
case  of  a  battery  which  becomes  polarized  as  the  strength  of  the 
currents  taken  from  it  are  increased.  This  fall  in  electro-motive 
force  may  be  called  the  polarization  of  the  armature  and  is  due 
to  the  saturation  of  the  ring  of  iron  wire  which  forms  it. 

In  another  series  of  tests,  the  strength  of  the  current  through 
the  wire  which  surrounds  the  magnets  was  varied,  while  the  arma- 
ture was  run  at  a  fixed  speed.  The  resistance  in  the  armature 
circuit  was  kept  constant  and  the  electro-motive  force  calculated. 

The  column  marked  vebers  (see  table  oq  p.  183)  shows  the 
number  of  vebers  on  the  magnet  and  that  marked  volts  the 
£.  M.  F.  of  the  armature. 

If  the  curve  be  constructed  using  the  axis  of  X  for  the  number 
of  vebers  and  of  Y  for  the  volts  it  will  be  found  that  the  volts 
do  not  increase  proportionally  with  the  strength  of  the  currents 
around  the  magnets.  This  is  due  to  the  saturation  of  the  magnets 
making  the  field. 

If  a  Faradic  machine  have  the  magnets  put  in  the  same  circuit 
with  the  armature  a  curve  would  be  obtained  similar  to  that  given 
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for  the  Siemen's  machine  in  a  paper  read  by  Dr.  Hopkinson 
before  the  Institute  of  Mechanical  Engineers  in  London,  April  25, 
1879.  In  this  it  will  be  found  that  as  the  exterior  resistance  is 
decreased  a  point  is  reached  where  the  £.  M.  F.  of  the  machine 
increase  very  rapidly  and  after  that  slowly.  This  curve  is  really 
a  combination  of  the  curves  fh>m  the  two  tables  given  taking  in 
consideration  the  mutual  interaction  of  the  two  sets  of  wires. 

TABLE  n. 


YEBER8. 

VOLTS. 

2.86 

283 

8.8 

27.2 

8.9 

80.2 

4. 

81.5 

4.7 

86.1 

8.1 

50. 

8.4 

55. 

I  have  tested  the  Gramme  also  for  the  effect  of  change  in  speed 
when  the  field  was  constant  and  found  that  the  rise  in  E.  M.  F. 
was  nearly  proportional  to  the  increase  of  speed. 

In  all  the  tests  given  the  spark  on  the  commutator  was  so  small 
that  no  allowance  was  made  for  the  additional  resistance  which  it 
introduced. 

No  tests  are  given  of  Mr.  Edison's  machines  since  he  does  not 
wish  to  put  on  record  what  he  knows  are  experimental  results,  for 
he  feels  sure  that  he  can  better  nearly  all  that  he  now  has.  No 
tests  of  the  power  absorbed  by  the  Gramme  are  given  since  a 
good  transmitting  dynamometer  was  not  at  my  disposal  at  the 
time  that  a  Gramme  machine  was  in  Mr.  Edison's  possession. 

One  result  which  a  machine  of  Mr.  Edison's  has  shown  may  be 
mentioned.  At  700  revolutions  in  a  minute  with  one-sixth  of  a 
horse  power  consumed  on  the  magnet  he  has  obtained  130  volts 
Ik'om  an  armature  having  a  resistance  of  .65  ohm.^ 

<  At  time  of  going  to  press,  he  has  a  machine  with  .14  ohm  on  the  armature,  which 
at  1000  reTolotions  giyes  110  Tolts,  and  converts  85  to  90  per  cent,  of  the  power  glren  to 
it  b7  the  belt  into  electricity. 
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A  Faradic  machine  is  to  me  only  a  means  of  throwing  an  £.  M. 
F.  on  a  line*  so  that  the  test  of  the  value  of  a  machine  is  in  the 
number  of  the  volts  it  can  bring  into  action  per  unit  of  resistance 
contained  in  it,  the  amount  consumed  in  driving  the  machine  and 
supplying  the  magnets  being  considered.  The  best  economy  in 
magnets  properly  constructed  is  when  the  interest  on  their  cost 
equals  the  cost  of  the  horse  power  lost  in  the  shape  of  heat  in 
the  wire  around  them.  All  that  the  current  does  when  the  mag- 
net is  once  magnetized  is  to  put  a  peg  in  to  hold  the  magnetization 
to  its  maximum,  having  no  active  effect  beyond  heating  the  wire. 

Before  the  next  meeting  of  the  Association  I  propose  to  make 
a  series  of  measurements  of  Faradic  machines  which  I  hope  then 
to  present.  Many  variations  will  be  made  in  the  proportions  of 
the  magnets  and  the  armatures  of  Mr.  Edison's  form  of  machine 
to  find  the  laws  on  which  the  generating  of  currents  is  founded 
so  as  to  be  al^le  to  predict  the  result  of  changes  in  dimensions. 
The  series  spoken  of  will  then  show  the  relation  between  the  size 
of  the  magnets,  the  size  and  amount  of  iron  in  armature  and  the 
E.  M.  F.  of  the  machine. 


On  the  First  Results  from  a  New  Diffraction  Ruling  Engine. 
By  WiLLLAJi  A.  Rogers,  of  Cambridge,  Mass. 

The  best  diffraction  gratings  are  subject  to  three  classes  of 
errors :  — 

First: — The  accidental  errors  of  single  subdivisions,  which  are 
for  the  most  part  due  to  the  irregular  action  of  the  ruling  diamond 
upon  a  non-homogeneous  metal. 

Second : — The  periodic  or  systematic  errors  which  are  a  function 
of  one  revolution  of  the  ruling  screw. 

TJiird : — Errors  which  depend  upon  the  position  of  the  nut  upon 
the  screw,  and  which  are  equivalent  to  a  varying  pitch  of  the 
screw.  The  errors  of  this  class  may  be  due  either  to  the  form  of 
the  screw  itself,  to  a  variation  in  its  diameter,  or  to  an  imperfect 
mounting  of  the  screw.    The  pitch  of  even  a  perfect  screw  practi- 
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cally  undergoes  a  slight  change  with  every  variation  of  the  amoant 
of  the  friction  between  the  moving  parts  of  the  ruling  engine. 

Let  us  take,  as  a  type,  the  magnificent  rulings  of  Mr.  L.  M. 
Rutherford  executed  by  Mr.  P.  C.  Chapman.  These  gratings 
easily  surpass  all  others  in  their  resolution  of  the  lines  of  the 
solar  spectrum.  Here  the  first  class  of  errors  is  so  far  wanting 
that  it  is  safe  to  say  of  a  given  space  ^hat  it  is  &o  nearly  equal  to 
its  neighbor  that  the  most  rigid  investigation  with  the  microscope 
will  fail  to  reveal  any  difference. 

For  separate,  narrow  and  adjacent  spaces  then,  a  well-made  and 
well-mounted  screw  is  subject  to  less  liability  to  error  than  the 
microscopic  observation  with  which  the  comparison  is  made,  even 
under  the  manipulation  of  the  most  skilful  observer. 

With  regard  to  the  second  class  of  errors,  viz. :— those  which  are 
a  fhnction  of  one  revolution  of  the  ruling  screw,  it  is  to  be  said 
that  the  danger  of  their  occurrence  is  far  greater.  Indeed  I  am 
not  aware  that  they  have  ever  been  entirely  overcome.  In  the 
measures  of  single  narrow  spaces  they  easily  escape  detection. 
For  example,  suppose  we  have  a  screw  having  a  pitch  of  one- 
twentieth  of  an  inch,  in  which  the  first  half  of  one  revolution  dif- 
fers from  the  second  half  by  one  ten-thousandth  of  an  inch.  Each 
half  will  then  have  an  error  of  one  twenty-thousandth  of  an  inch. 
But  this  maximum  value  is  made  up  of  successive  increments  of 
very  minute  errors,  starting  with  the  zero  of  revolution.  If  the 
graduations  are  ten  thousand  to  the  inch,  there  will  be  five  hun- 
dred spaces  in  half  a  revolution  of  the  screw.  This  maximum 
value  then  of  one  twenty-thousandth  of  an  inch,  a  quantity  easily 
measurable,  will  be  made  up  of  five  hundred  additions  of  the  errors 
of  the  successive  individual  spaces.  If  the  error  is  a  constant  one 
for  each  space,  its  value  will  therefore  be  only  one  ten-millionth 
of  an  inch,  a  quantity  far  beyond  the  ultimate  limit  of  measure- 
ment with  the  microscope.  When  by  one  hundred  successive  addi- 
tions the  error  amounts  to  one  hundred-thousandth  of  an  inch, 
it  will  then  be  barely  within  the  limits  of  detection. 

In  Mr.  Rutherford's  screw  the  errors  of  this  class  are  partly 
overcome  by  giving  an  eccentricity  to  the  index  of  the  screw  sufiS- 
cient  to  neutralize  them  at  the  quadrant  points  of  revolution  ;  that 
they  are  not  entirely  eliminated  is  shown  not  only  by  the  actual 
measurement  of  distant  lines,  especially  at  the  octant  points  of 
revolution,  but  also  by  the  fact  that  the  surface-waves  resulting 
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from  the  residual  systematic  errors  are  easily  seen  with  the  unaided 
eye  when  the  gratings  are  examined  with  a  monochromatic  flame. 

In  the  investigations  of  the  wave-lengths  of  light  hithertp  made, 
no  attention  has  been  paid  to  the  periodic  errors  which  are  a  fane- 
tion  of  one  revolution  of  the  ruling-screw.  Our  present  knowl- 
edge of  wave-lengths  depends  on  the  supposition  that  the  gratings 
Arom  which  they  were  determined  are  homogeneous  throughout 
their  whole  extent.  If  I  am  not  mistaken,  -both  Angstrom  and 
Van  der  Willigen,  who  have  done  the  best  work  in  this  direction, 
obtained  the  value  of  one  interval  by  dividing  the  distance  between 
the  end  lines  by  the  number  of  spaces.  It  is  at  least  possible 
that  the  error  introduced  through  the  neglect  to  take  into  account 
the  varying  pitch  of  the  screw  may  be  of  appreciable  magnitude. 
I  can  now  only  note  in  this  connection  that  when  oil  or  grease  is 
used  as  a  lubricant,  the  curve  which  represents  the  periodic  errors 
usually  has  a  perceptibly  different  form  for  each  revolution.  The 
compound  error  thus  developed  introduces  a  class  of  secondary 
systematic  errors  analogous  to  those  described  in  the  third  class. 

After  a  somewhat  careful  study  of  these  three  classes  of  errors 
in  connection  with  the  ruling  engine  constructed  for  me  by  Buff  & 
Berger  of  Boston,  I  determined  about  two  years  ago  to  attempt 
the  hazardous  and  costly  experiment  of  constructing  a  new  ma- 
chine which  should  be  capable  of  producing  a  grating  homogene- 
ous throughout  its  whole  extent.  In  the  execution  of  this  work 
I  was  more  than  fortunate  in  securing  the  cooperation  of  Mr. 
Chas.  y.  Woerd,  the  mechanical  superintendent  of  the  Waltham 
Watch  Factory.  My  warmest  thanks  are  also  due  to  the  Manager 
and  Treasurer  of  the  Company,  Mr.  R.  E.  Bobbins,  for  consenting 
to  undertake  a  task  somewhat  outside  of  the  regular  work  of  the 
Factory.  To  Mr.  Woerd  I  committed  the  entire  arrangement  of 
the  details  of  the  new  machine,  after  deciding  upon  the  general 
principles  of  its  construction. 

The  new  machine  is  now  so  nearly  completed  that  some  provi- 
sional work  has  already  been  done  with  it.  It  would  be  premature 
to  say  that  it  will  rule  a  grating  absolutely  without  measurable 
errors.  The  resolution  of  solar  lines  must  be  the  final  test,  and 
the  decision  on  this  point  I  must  leave  to  those  who  may  use  the 
gratings  which  I  hope  soon  to  make. 

I  venture  the  assertion,  however,  that  it  is  the  most  perfect  piece 
of  work  ever  done  in  this  country,  and  I  doubt  if  its  superior  is  to 
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be  found  abroad.  I  feel  the  more  ftree  to  say  this  because  the  credit 
for  the  execution  belongs  entirely  to  Mr.  Woerd  and  to  Mr.  George 
F.  Ballon  who  has  done  nearly  all  of  the  work. 

This  is  not  the  place  for  a  detailed  description  of  the  machine. 
I  will  only  state  the  general  principles  on  which  it  is  constructed. 

(o).  In  the  usual  construction  of  a  precision-screw,  it  is  the 
cust6m  to  grind  and  polish  the  threads  with  fine  emery  by  means 
of  a  lead  nut,  after  the  thread  has  been  cut  as  perfectly  as  possible 
in  the  lathe.  A  definite  relation  then  exists  between  the  threads 
and  the  centers  on  which  they  are  cut.  Now  in  grinding  and  pol- 
ishing, the  lead  nut  is  usually  held  by  the  hand  as  it  traverses  for- 
wards and  backwards,  and  the  test  of  the  uniformity  of  the  threads 
is  entirely  one  of  feeling.  But  during  this  operation  the  rdcUion 
h^ween  the  threads  and  the  centers  may  he  entirely  changed^  since  the 
action  of  the  lead  nut  no  longer  bears  any  fixed  relation  to  the 
centers.  Hence  when  the  screw  is  mounted  with  respect  to  its 
centers  we  may  always  expect  systematic  errors  of  various  kinds. 

In  the  construction  of  the  screw  of  the  Waltham  machine  an 
attempt  has  been  msde  to  avoid  the  errors  introduced  in  this  way. 
The  bottom  of  the  thread  was,  at  the  suggestion  of  Mr.  Woerd, 
entirely  cut  away,  giving  freedom  in  the  action  of  the  emery 
upon  the  faces  of  the  threads.  The  screw  rests  in  semicircular 
bearings,  and  is  kept  in  position  by  its  own  weight.  The  conical 
ends  are  made  of  tempered  steel.  One  end  presses  against  a  pol- 
ished diamond  face  ground  exactly  perpendicular  to  the  axis  of 
the  screw.  It  is  kept  in  contact  by  means  of  a  steel  spring  bolt 
working  against  the  other  end.  The  nut  is  made  a  part  of  the 
moving  bed-plate,  and  rests  directly  upon  the  screw. 

(6).  Usually  the  aliquot  part  of  a  revolution  of  the  screw  is 
secured  by  means  of  a  pawl  acting  upon  the  teeth  cut  on  the 
index.  In  this  case  one  is  limited  to  certain  fixed  arcs  of  revolu- 
tion. In  the  Waltham  machine  a  magnet-arm  24  inches  long 
rests  upon  the  axis  of  the  screw.  The  end  of  the  arm  works 
between  two  movable  stops.  A  magnet,  fitted  to  the  curvature 
of  the  index  is  attached  to  the  other  end.  Another  magnet  is 
attached  permanently  to  the  bed  of  the  machine  beneath  the 
index.  During  the  upward  movement  of  the  magnet-arm,  the 
first  magnet  becomes  firmly  attached  to  the  index  carrying  it 
forward  an  arc  of  revolution  depending  on  the  distance  between 
the  stops.  During  the  downward  movement  of  the  arm  the  index 
.  is  held  in  position  by  the  second  magnet. 
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It  will  be  seen  that  the  arc  of  revolution  may  be  made  to  vary 
at  will  between  zero  and  a  value  limited  by  the  greatest  distance 
between  the  stops,  which  in  this  case  corresponds  to  a  motion  of  a 
little  over  one-thousandth  of  an  inch  !n  the  screw-plate.  The  in- 
dex of  the  screw  regulating  the  distance  between  the  stops  reads 
directly  to  about  one-millionth  of  an  inch  expressed  in  the  corre- 
sponding motion  upon  the  ruling  screw.  Since  these  divisions  can 
be  estimated  to  tenths,  as  small  a  movement  as  one  ten-millionth 
of  an  inch  can  be  given  to  the  screw-plate  with  entire  certainty 
08  far  08  the  mechanical  indications  of  this  degree  of  precision  are 
concerned, 

(c).  In  order  to  provide  for  the  neutralization  of  whatever  er- 
rors might  be  found  to  exist  in  the  screw  in  actual  use,  the  follow- 
ing devices  were  adopted :  — 

(1).  Instead  of  allowing  the  magnet-arm  to  fall  upon  a  fixed 
stop,  it  falls  upon  a  circular  templet,  having  a  motion  in  revolution 
simultaneous  with  the  index  of  the  screw.  A  curvature  is  given 
to  the  periphery  of  this  templet  which  exactly  corresponds  to 
those  measured  errors  of  the  screw  which  depend  on  one  revolution. 

(2).  A  straight  templet  runs  parallel  with  the  screw  to  which  is 
given  a  curvature  corresponding  to  those  errors  which  depend  up- 
on the  position  of  the  nut  upon  the  screw. 

The  present  indications  are  that  neither  of  these  supplemental 
corrections  will  be  found  necessary. 

(d).  In  the  investigation  of  wave-lengths  fronj  a  given  ruled 
grating  there  are  certain  requirements  which  seem  to  need  experi- 
mental as  well  as  theoretical  research. 

First :  It  is  important  to  ascertain  the  best  relation  between 
the  width  of  the  lines  and  the  width  of  the  intervening  spaces. 
In  this  machine  after  having  obtained  a  good  line  of  a  given  width, 
the  width  of  the  spaces  can  be  varied  at  will. 

Second :  All  wc  can  say  of  the  wave-length  equation  ^  z=  e  sin  ^ 
is  that  it  expresses  the  length  of  a  single  wave  of  light  of  a  given 
color.  When  we  take  into  consideration  the  conditions  under 
which  the  waves  reach  the  eye,  it  is  at  least  an  open  question 
whether  the  form  of  the  equation  is  not  somewhat  more  complex. 
As  an  illustration :  the  law  of  refraction  in  passing  from  one  thin 
stratum  of  atmosphere  to  its  adjacent  one,  is  quite  simple,  but  it 
does  not  follow  that  this  law  holds  good  for  the  combined  strata 
which  make  up  the  atmosphere  at  a  given  altitude  above  the 
horizon. 
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In  order  to  ascertain  the  effect  of  errors  of  any  class  upon  the 
position  of  the  solar  lines,  it  seems  important  to  determine  the 
eflTect  of  these  errors  experimentally.  Hence  the  machine  has 
been  constructed  in  such  a  way  that  it  is  possible  to  introduce  at 
any  point,  either  any  single  epror  of  a  given  magnitude  or  any 
combination  of  errors  without  interfering  with  the  remaining  grad- 
uations. ' 

The  tremors  communicated  to  the  machine  by  the  running  ma- 
chinery of  the  factory  prevent  the  best  work,  but  the  experiments 
already  made  justify  the  hope  that  when  it  is  permanently  mounted 
upon  the  firm  foundation  already  prepared  for  it,  work  may  be  done 
which  shall  contribute  something  to  our  present  knowledge  of 
wave-lengths.  In  this  connection  also,  especial  attention  will  be 
paid  to  the  expression  of  all  measured  distances  in  terms  of  the 
standard  Metre  of  the  Archives  at  a  temperature  convenient  for 
use.  With  this  view  a  standard  decimetre  subdivided  into  10,000 
equal  parts  will  be  taken  as  the  unit  of  comparison. 

As  a  type  of  the  character  of  the  work  already  done,  I  will 
close  this  article  with  a  description  of  two  glass  plates  ruled  on 
different  days  with  the  same  setting  of  the  stops  of  the  magnet- 
arm.  The  stops  were  set  to  correspond  to  a  motion  of  one  thous- 
andth of  an  inch  upon  the  screw.  The  machine  was  started  at  10 
o'clock  in  the  morning.  Between  12  and  1  o'clock  it  remained  at 
rest.  It  was  also  at  rest  during  the  night.  Starting  again  at.  7 
o'clock  the  next  morning  it  was  stopped  at  9  h.,  50  m.,  having  ruled 
4001  lines,  covering  a  space  of  four  inches. 

The  plate  was  then  removed  and  another  one  was  placed  in  po- 
sition. The  machine  was  again  started,  and  this  second  plate  was 
ruled  under  nearly  the  same  conditions  with  regard  to  time  and 
temperature  as  the  first  one. 

Having  filled  the  lines  with  graphite  in  order  to  obtain  a  sharper 
definition  of  the  edges,  these  two  plates  were  then  placed  face  to 
face  in  a  mounting  of  stiff  balsam  in  the  same  direction  as  that  in 
which  they  were  ruled.  When  the  lines  at  one  end  were  made 
coincident,  not  only  were  the  other  end  lines  coincident,  but  every 
one  of  the  4001  lines  exactly  overlapped  its  fellow.  With  a  power 
of  800  I  was  unable  to  detect  a  single  case  of  deviation  from 
,  exact  superposition. 

This  experiment  merely  showed  that  the  machine  would  rule 
two  plates  exactly  alike  under  the  same  conditions,  but  it  gave  no 
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indications  with  reference  to  the  homogeneous  character  of  the 
graduations.  But  when  the  plates  were  placed  face  to  face  in  a 
direction  opposite  to  that  in  which  one  of  them  was  ruled,  then, 
coincidence  being  made  between  the  lines  at  one  epd,  a  test  of  the 
homogeneity  was  found  in  the  coincidence  of  the  remaining  grad- 
uations. 

This  coincidence  seemed  to  be  perfect  for  about  two  inches.  At 
that  point  there  was  an  abrupt  separation  amounting  to  about  one 
eight-thousandth  of  an  inch.  This  deviation  remained  a  constant 
for  about  one  inch  when  it  began  gradually  to  diminish  and  finally 
disappeared  at  about  one  inch  and  one-half  from  the  point  where 
it  first  appeared. 

This  error  is  probably  due  to  a  change  of  temperature  during 
the  nights  on  which  the  machine  remained  at  rest.  It  is  rather 
curious  however  that  the  error  should  have  taken  this  particular 
form.  It  is  not  surprising  that  it  escaped  detection  when  the 
plates  were  arranged  as  first  described.  In  the  second  case  the 
lines  were  barely  separated,  but  the  separation  was  sufficient  to 
enable  one  to  measure  from  center  to  center.  In  the  first  instance, 
the  overlapping  of  the  edges  was  not  sufficient  to  attract  attention. 

Harvard  College  Observatory,  Oct.  28,  1879. 


An  Experimental  Solution  op  ▲  Problem  in  the  Dootrinb  of 
Chances.    Bt  T.  C.  Mendenhall,  of  Tokio,  Japan. 

Many  experimental  verifications  of  the  Theory  of  Probabilities 
have  been  made  from  time  to  time.  Perhaps  one  of  the  most  re- 
markable results  reached  in  the  investigation  of  that  theory  occurs 
in  the  solution  of  a  problem  doubtless  first  proposed  by  BufTon 
and  solved  by  him,  and  afterward  by  La  Place  (see  Todhjinter's 
History  of  the  Theory  of  Probabilities,  article  650).  In  it  is 
shown  the  possibility  of  ascertaining  the  ratio  of  the  circumfer- 
ence to  the  diameter  of  a  circle,  —  by  the  method  of  "  pitch  and  ^ 
toss." 

De  Morgan,  in  his  Budget  of   Paradoxes,  states  that  Mr. 


Digitized  by  VjOOQ IC 


BT  T.   0.   MBNDBNHALL.  191 

Ambrose  Smith  of  Aberdeen  made  8,204  trials  at  this  in  1855, 
with  a  result  of  great  accuracy  and  also  refers  to  600  trials  having 
been  made  by  one  of  his  pupils.  De  Morgan  adds  that  'Uhis 
method  will  hardly  be  believed  until  it  has  been  repeated  so  often 
that  there  could  never  have  been  any  doubt  about  it/' 

Having  interested  my  assistants  in  the  laboratory,  recently,  in 
questions  of  this  nature,  it  was  determined  to  repeat  the  experi- 
ment and  carry  it  to  a  degree  hitherto  not  reached.  For  this 
purpose  a  flat,  smooth  surface  was  prepared,  about  60"^  by  75*^ 
upon  which  was  ruled  one  set  of  fine  parallel  lines  at  a  distance 
of  3*~  from  each  other.  A  straight  bamboo  stick  less  than  1"*" 
in  diameter  was  cut  to  a  length  of  3^  as  nearly  as  possible.  This 
stick  was  tossed  from  a  conical  glass  cup  about  8^  deep.  The 
ruled  surface  was  placed  upon  a  table  somewhat  higher  than  usual 
and  levelled.  The  whole  was  arranged  in  a  convenient  place  in 
the  laboratory  so  that  it  need  not  be  disturbed,  the  object  being 
to  accumulate  a  large  number  of  trials  by  spending  a  few  leisure 
moments  each  day  in  ^'  tossing''  and  thus  avoid  both  fatigue  and 
what  might  be  called  a  '^  waste  of  time."  A  trial  consists  simply 
in  standing  on  one  side  of  and  near  the  ruled  plane,  and  ^^  tossing  " 
the  stick  up  into  the  air  from  the  glass  cup  which  is  held  in  the 
hand.  The  stick  falls  on  the  ruled  surface,  and  a  record  is  made 
in  a  book  at  hand,  of  the  fact  that  it  does  or  does  not  cross  one 
of  the  parallel  lines.  At  the  present  writing  a  total  of  12,000 
trials  has  been  reached,  three  persons  having  ^^  tossed"  at  different 
times.  According  to  the  doctrine  of  probabilities  the  chance  that 
the  stick  will  intersect  one  of  the  parallel  lines  is  expressed  by 
the  fraction  ^. 

In  the  'Mong  run"  therefore  this  fraction  ought  to  express  ap- 
proximately the  ratio  of  the  number  of  Intersections  to  the  whole 
number  of  trials. 

The  result  of  12,000  trials  is  as  follows  :  — 

Actual        number  of  intersections  .        .        7635 

Calculated       «       "  «  .        .        7639 

being  a  difference  between  Theory  and  Experiment  of  about  ^ 
of  one  per  cent.  Not  counted  in  the  above  12,000  were  6  trials 
in  which  it  seemed  impossible  to  decide  whether  it  was  a  '*'  cross  " 
or  a ''  clear." 
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Coanting  these  as  intersections  we  have  in  a  total  of  12,006. 

Actual         intersections  ^ 7641 

Calculated  ."  ...'....     7643 

the  eiTor  being  but  little  greater  that  ^  of  one  per  cent. 

From  the  set  of  12,000  trials  we  obtain  7r  =  3*143,  and  from 
that  of  12,006  7r  =  3-142. 

The  value  of  it  was  computed  at  various  stages  of  the  experi- 
ment—  after  giving  much  closer  approximations  than  the  above  — 
as  indeed  it  is  possible  from  a  comparatively  small  number  of  trials 
to  obtain  a  very  close  approximation.  But  at  10,000  or  12,000  it 
seems  that  the  result  will  not  be  greatly  influenced  by  the  "  runs  ** 
which  are  continually  occurring.  In  the  long  run  the  ratio  of  in- 
tersections to  "  tosses"  must  constantly  approach  a  certain  result. 
The  number  of  trials  will  be  largely  increased  with  a  view  of  as- 
certaining, within  certain  limits,  what  is  meant  by  the  long  run. 
The  results  of  the  different  "tossers"  have  been  kept  separate 
from  each  other,  and  a  comparison  of  them  will  be  made. 


On  the  Strength  op  American  Timber.    By  Robert  H.  Thurs- 
ton, of  Hoboken,  N.  J. 

[ABSTRACT.]  ♦' 

Introductory. — One  of  the  earliest  investigations  planned  by 
the  writer  when  organizing  the  Mechanical  Laboratory  of  the 
Stevens  Institute  of  Technology  was  that  here  described.  Nearly 
all  our  knowledge  of  the  strength  of  timber  was  derived  from 
foreign  sources  and  was  of  limited  extent,  and  authorities  were 
somewhat  conflicting  in  state ment.^  It  was  evident  that  more 
work  in  that  department  of  research  was  required,  and  that  ex- 
periments on  the  strength  of  American  woods  were  demanded 
by  engineers  and  architects  in  the  United  States  and  by  members 

>  Compare  Barlow  and  Tredgold  with  Laelett.  Barlow  on  the  Strength  and  Stress 
of  Timber,  London,  1826;  Trcd^old's  Elementary  Principles  of  Carpentry,  London, 
1870.    Laslett  on  Timber  and  Timber  Trees,  London,  1875. 
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of  the  profession  in  Europe,  where  some  American  timber  —  es- 
pecially our  soft  pines — is  used. 

It  seemed  eminently  desirable  that  the  woods  examined  and 
experimented  upon  should  be  of  the  kinds  used  most  generally 
in  construction ;  that  the  specimens  should  be  of  sound,  good 
stock,  and  that  the  test-pieces  should  be  carefully  and  accurately 
made  to  standard  size  and  shape.  As  the  best  means  of  securing 
these  desiderata,  the  Secretary  of  the  Navy  and  the  Chiefs  of 
Bureau  were  requested  to  fhmish  test-pieces  of  the  form  and  size 
standard  in  the  Mechanical  Laboratory  of  the  Stevens  Institute 
of  Technology.  The  favor  was  cheerfully  granted,  and  the  Naval 
Constructor,  on  receipt  of  orders  from  the  Navy  Department, 
prepared  the  required  specimens  at  the  Brookljm  Navy  Yard,  at 
the  earliest  practicable  date,  taking  a  personal  interest  in  securing 
the  desired  quality  of  material  and  accuracy  of  workmanship.  The 
samples  thus  furnished  may  be  regarded  as  good  representations  of 
those  American  woods  which  are  here  treated  of. 

The  samples  furnished  were  of  white  and  yellow  (Georgia) 
pine,  locust,  black  walnut,  white  ash,  white  oak  and  of  live  oak. 

White  pine  (Pinus  strobus)  is  a  native  of  North  America,  and 
takes  it&  name  fh)m  the  color  of  its  wood.  It  grows  in  all  kinds 
of  soil.  The  best  timber  is  found  in  cool,  damp  situations,  in  the 
forests  of  the  Northern  United  States  and  Canada,  between  the 
forty-third  and  forty-seventh  parallels  of  north  latitude.  It  really 
flourishes  well  as  far  south  as  Virginia.  It  grows  to  great  size, 
reaching  a  height  of  upwards  of  200  feet,  with  a  diameter  of  10 
feet  at  the  height  of  a  man's  shoulder  from  the  ground.  It  is  the 
tallest  tree  in  our  forests.  It  sometimes  reaches  the  age  of  350 
years.  Single  logs  have  been  cut  36  inches  square  and  60  feet 
long. 

Its  wood  is  yellowish-white  in  color,  light  in  weight,  rather  soft, 
Aree  from  knots,  straight  grained,  and  is  very  easily  cut.  It  is 
durable  only  in  dry  air.  It  contains  very  little  resin ;  its  leaves 
are  very  slender ;  its  cones  are  very  nearly  cylindrical  and  four  or 
five  inches  long.  Its  leaves  are  pale  green  in  color.  Its  specific 
gravity  is  about  0*7  green  and  0*5  seasoned.  It  is  used  for  light 
carpenters'  and  joiners'  work,  and  is  remarkably  well  adapted  to 
pattern  makers'  use.  It  has  been  employed  to  a  considerable  ex- 
tent in  building  wooden  bridges.  It  is  not  a  very  strong  wood, 
and  swells  or  shrinks  seriously  when  the  hygrometric  state  of  the 
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atmosphere  changes  considerably.  For  many  purposes  its  soil- 
ness is  a  serious  objection. 

The  Southern  TeUow  Plne^  ^^Long-leaved  Pine'*  (Pintts  Aus- 
trails^  Pinna  pcUustria),  is  distributed  along  the  Atlantic  coast 
from  Maryland  southward,  on  sandy,  light  soil.  It  is  probably 
the  most  generally  useful  of  our  woods,  and  immense  quantities 
are  brought  into  market. 

Its  name  is  sometimes  confused  with  that  of  the  pitch  pine^  and 
both  kinds  of  wood  are  known  in  the  Eastern  States  as  har4  pine. 

Both  kinds  are  extensively  used  by  Atlantic  ship  builders  for 
planking,  beams,  etc.,  but  seldom  for  any  part  of  the  frame. 

This  yellow  pine  sometimes  attains  a  height  of  150  feet  and  a 
diameter  of  four  feet ;  but  the  pitch  pine  seldom  exceeds  two-thirds 
this  size.  The  former  is  principally  obtained  from  the  States  of 
Virginia,  North  Carolina  and  Georgia,  while  the  latter  is  abun- 
dant in  all  the  Atlantic  States  south  of  Chesapeake  Bay.  The 
yellow  pine  required  for  navy  yard  use  is  described  as  long-leaved, 
fine-grained  Southern  yellow  pine.  Its  leaves  are  light  green,  eight 
to  eleven  inches  long,  and  rigid ;  they  are  dark  green  in  color.  The 
cones  are  six  to  eight  inches  long. 

It  has  but  little  sap  wood,  and  the  heart  wood  is  of  very  uni- 
form quality,  its  resinous  matter  being  very  regularly  distributed. 
Its  grain  is  fine  and  close,  and  it  has  greater  strength,  durability 
and  hardness  than  any  other  species  of  pine. 

Though  not  as  tough  and  elastic  as  white  oak,  the  yellow  pine, 
especially  that  from  Georgia,  successfully  rivals  it  in  stiflTness.  If 
a  beam  of  each  kind  of  timber,  equal  in  dimensions,  be  suspended 
by  the  ends,  the  oak  beam  will  depart  more  from  its  ^'  mould,'*  but 
will  break  under  about  the  same  load.  In  dry' situations  the  pine 
is  extremely  durable,  and  where  the  properties  of  lightness  and 
solidity  are  required  in  combination  it  is  to  be  preferred  to  oak. 

The  Locust  or  common  Acacia  {Robinia  pseudo-acacia)  is  a 
flowering  tree,  found  in  the  mountainous  and  hilly  portions  of 
the  country  from  Canada  to  the  Southern  States, 

It  grows  rapidly  and  reaches  a  height  of  seventy  feet  with  a  di- 
ameter of  four  feet,  but  is  usually  considered  full  grown  if  forty 
feet  high  and  a  foot  in  diameter.     It  is  a  fine  ornamental  tree. 

The  wood  has  a  peculiar  greenish-yellow  color,  resembling  box- 
wood slightly.  The  structure  is  alternately  very  compact  and 
quite  porous.     Its  annual  rings  are  thus  very  distinctly  marked. 
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It  exhibits  no  medallary  rays,  and  the  wood  has  neither  taste 
nor  odor.  When  of  good  quality  it  is  difficult  to  cut  and  work. 
It  is  a  ver}'  valuable  timber. 

It  is  especially  valued  for  fence  posts  and  r^ils,  or  boarding, 
but  is  seldom  found  of  sufficient  size  and  in  quantity  sufficient  to 
be  used  in  the  latter  form.  It  turns  well  in  the  lathe  and  has 
great  torsional  strength  and  resilience,  excelling  all  other  common 
woods  in  this  quality. 

The  Ash  {Fraxinus  excelsior)  of  Europe  and  the  WliUe  Ash 
{Fraxinus  Americana)  of  America  are  also  valuable  timber  trees. 
Their  woods  have  many  useful  applications.  Ash  is  quite  similar 
in  color  to  oak  and  in  texture  to  chestnut.  It  is  straight-grained, 
remarkably  tough  and  elastic,  excelling  all  other  common  woods, 
and  answers  admirably  for  handspikes,  heavy  oars,  ship  blocks, 
tool  handles,  the  wooden  portions  and  framing  of  machinery,  and 
for  wheel  carriages  and  agricultural  implements.  It  is  durable 
under  cover,  but  decays  rapidly  if  exposed  to  the  weather.  The 
tree  grows  to  a  height  of  sixty  feet,  and  acquires  a  diameter  of 
twenty  inches  in  rich,  moist,  loamy  soil.  It  has  no  observable 
sap  wood. 

The  Black  Walnut  (Juglans  nigra)  is  found  throughout  our 
Middle  and  Western  States,  and  as  far  south  as  the  Gulf  of 
Mexico.  The  tree  presents  a  fine  appearance,  attains  consider- 
able size,  and  yields  a  much-prized  timber. 

The  wood  varies  considerably  in  quality.  It  is  of  a  brown 
color,  approaching  red  in  some  specimens,  and  of  a  dark  choco- 
late color  in  others.  The  sap  wood  is  frequently  quite  light  in 
color.  The  best  wood  has  a  fine  grain  and  a  dense  structure,  al- 
though usually  excelled  in  both  particulars  by  good  mahogany. 

It  is  strong,  durable  and  easily  worked.  It  is  more  generally 
used  in  the  United  States  for  furniture  and  for  ornamental  pur- 
poses than  any  other  wood,  and  immense  quantities  of  it  are  an- 
nually worked  up.  It  is  nearly  as  strong  as  mahogany  and  is 
tougher. 

The  Live  Oak  {Quercus  virens)  is  one  of  the  best  known  ship- 
timber  trees.  It  is  evergreen  and  grows  on  the  seacoast  from 
Maryland  to  the  Gulf  of  Mexico  and  the  Mississippi,  and  is  now 
so  scarce  and  so  valuable  that  the  government  has  reserved  all  of 
the  Florida  live  oak  forests  for  naval  purposes. 

This  timber  is  used  almost  exclusively  for  the  purposes  of  ship 
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building.    It  is  heavy,  compact,  fine-grained,  yellowish  in  color,' 
and  is  the  strongest  and  most  durable  of  all  American  woods.^ 

The  tree  grows  to  a  height  of  sixty  feet,  and  to  a  diameter  of 
four  feet,  but  is  usually  forty  or  forty-five  feet  high  and  twelve  to 
eighteen  inches  in  diameter.  The  capillary  vessels  of  the  heart 
wood  are  filled  with  a  gummy  substance ;  unlike  other  varieties  of 
oak  in  our  country,  it  is  free  from  acid. 

Live  oak  is  not  well  adapted  to  the  reception  of  spike  fasten- 
ings, as  the  grain  refuses  to  receive  the  point  in  the  cutting  di- 
rection, and  permits  splitting  of  the  wood.  There  is  no  difficulty, 
however,  in  fastening  with  bolts  and  tree-nails.  The  sap  wood 
is  whitish  in  color,  and  is  free  from  the  glutinous  matter  found  in 
the  dense  heart  wood.  Live  oak,  if  exposed  long  in  the  open  air, 
in  the  rays  of  the  sun,  or  to  winter  winds,  will  crack  badly.  It 
does  not  require  many  months  of  air-seasoning,  however,  to  fit 
it  for  its  ordinary  uses.  It  is  the  most  costly  ship  timber  in  the 
market. 

The  White  Oak  {Qu£TCub  cdba)  is  a  more  common  and  a  very 
valuable  variety,  and  is  in  extensive  use,  especially  for  ship  build- 
ing, for  which  its  trunk  furnishes  the  heavier  timber,  and  its  large 
roots  and  branches  jrield  "compass  timber."  It  is  used  for 
water-wheel  shafts  and  other  millwrights'  work.  The  bark  is  of 
great  value  for  tanning. 

This  tree  is  found  from  Canada  to  the  Carolinas,  and  is  most 
abundant  in  the  Middle  States,  forming  large  forests  west  of  the 
Alleghany  range  of  mountains.  It  reaches  a  height  of  eighty  feet 
and  more,  and  its  trunk  is  sometimes  six  or  seven  feet  in  diameter. 
It  is  one  of  the  few  trees  which  retain  any  of  their  leaves  through- 
out the  winter.  The  leaf  is  deeply  indented,  long  and  narrow.  Its 
bark  is  of  a  light  grayish* white  color,  giving  it  its  name ;  its  wood 
is  light  straw  colored,  with  a  tinge  of  red,  and  is  very  tough,  strong, 
durable,  elastic  and  pliable,  with  strong  lateral  cohesion.  It  is  very 
liable  to  shrink,  warp  and  crack  in  seasoning,  and  is  therefore  of 
little  value  for  boards.  It  is  used  for  artillery  carriages  and 
makes  very  good  steps  for  the  lower  ends  of  turbine  water-wheel 
shafts.    The  shrinkage  in  seasoning  amounts  to  about  ^j. 

The  wood  of  trees  sixty  to  one  hundred  years  of  age  is  much 

*  The  writer  possesBes  a  lire  oak  cane  taken  in  1865  from  the  keel  of  the  frigate 
United  StatUt  a  nayal  yessel  buUt  rery  early  in  the  present  century.  It  is  as  perfectly 
soand,  apparently,  as  when  first  cat. 
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tougher,  particularly  on  high  lands,  than  that  of  older  trees.  The 
wood  from  the  roots  makes  beautiful  furniture.  The  cost  and  the 
difficulty  of  working  it  preclude  its  extensive  use.  No  certain 
data  exist  for  comparing  the  properties  of  white  oak  grown  in 
Tarious  districts,  but  it  is  generally  supposed  that  the  best  timber 
for  durability  is  that  grown  near  the  Atlantic  seaboard  or  along 
the  borders  of  the  great  lakes.  Generally  the  strongest  timber 
is  grown  on  wet  lands. 

It  has  a  specific  gravity  of  from  0*7  to  l-l,  weighing  from 
forty-four  pounds  dry  to  seventy  pounds  when  green  per  cubic 
foot. 

Thb  form  and  dimensions  of  test-pieces  used  in  these  experi- 
ments (see  Figs.  1  to  4)  were,  as  at  first  prepared,  given  in  the 
accompanying  figures : 

Fia.l.  Tension. 


-• tJft^-^iDL^-i 
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Fia.9.   Compression. 


Fia.8.   Transverse. 
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Fia.  4.  Torsion. 
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The  following  table  exhibits  their  sizes  and  densities : 


Table  of  Dimensions  and 

Densities 

OF 

Woods.  . 

No.l. 
Tension. 

No.  2. 
Compression. 

No.  8. 
Transverse. 

No.  4. 
Torsion. 

II 

14 

NAME. 
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i 

i 

s 

i 

5 
1 
2 
n 

i 

III 

Q 

i 

1^ 

1 

O  3 

i 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

White  Pine, 

•537 

2^25 

M17 

00 

3 

54 

•780 

•0017 

29-376 

Yellow  Pine, 

•532 

2-25 

1-102 

60 

3 

54 

•760 

•0270 

46-656 

Locust, 

022 

2-25 

1-078 

60 

3 

54 

•656 

-0330 

57^034 

Black  Walnut, 

•535 

2-25 

fll2 

60 

3 

54 

•785 

-0220 

88-016 

White  Ash, 

•5U 

2*26 

1^104 

60 

3 

54 

•762 

.0200 

S4^560 

WliiteOak, 

•481 

2^25 

1-117 

60 

3 

54 

•780 

•0240 

41-473 

Live  Oak, 

•497 

2^25 

1-117 

60 

3 

54 

•656 

•0380 

67-382 

FlQ.5. 


The  TESTING  'machines  used  in  this  work  were  the  standard 
machines  of  the  Mechanical  Laboratory  of  the  Stevens  Institute 

of  Technology.  The  tension 
and  compression  machine  is  of 
a  peculiar  design,  ^hich  has 
never  been  reproduced,  and 
which  was  supplied  to  the 
writer  by  Messrs.  RiehlS  Bros., 
of  Philadelphia.  The  capacity 
of  the  machine  is  twenty  tons. 
Fig.  5  exhibits  the  machine 
with  sliding  poise  and  adjust- 
ing apparatus  omitted. 

The  extensions  were  meas- 
ured by  means  of  an  instru- 
ment in  which  contact  is  indi- 
cated by  an  "  electric  contact 
apparatus."     The  instrument 
consists  essentially  of   two  very  accurately  made    micrometer 
screws,  working  snugly  in  nuts  secured  in  a  frame  which  is  fast- 
ened to  the  head  of  the  specimen  by  a  screw  clamp.    It  is  so 
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shaped  that  the  micrometer  screws  ran  parallel  to  and  equidis- 
tant from  the  neck  of  the  specimen  on  opposite  sides.  A  similar 
frame  is  clamped  to  the  lower  head  of  the  specimen,  and  from 
it  project  two  insulated  metallic  points,  each  opposite  one  of 
the  micrometer  screws.  Electric  connection  is  made  between 
the  two  insulated  points  and  one  pole  of  a  voltaic  cell,  and  also 


3 


between  the  micrometer  screws  and  the  other  pole.  As  soon  as 
one  of  the  micrometer  screws  is  brought  in  contact  with  the  op- 
posite insulated  point  a  current  is  established,  which  fact  is  im- 
mediately revealed  by  the  stroke  of  an  electric  bell  placed  in  the 
circuit.  The  pitch  of  the  screws  is  0*02  of  an  inch,  and  their 
heads  are  divided  into  200  equal  parts ;  hence  a  rotary  advance 
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of  one  division  on  the  screw  head  produces  a  linear  advance  of 
one  ten-thoasandth  (0*0001)  of  an  inch. 

A  vertical  scale,  divided  into  fiftieths  of  an  inch,  is  fastened  to 
the  frame  of  the  instrument  and  set  very  close  to  each  screw  head 
and  parallel  to  the  axis  of  the  screw;  these  serve  to  mark  the 
starting  point  of  the  former  and  also  to  indicate  the  number  of 
revolutions  made.  By  means  of  this  double  instrument  the  ex- 
tensions can  be  measured  with  great  certainty  and  precision,  and 
irregularities  in  the  structure  of  the  material,  causing  one  side  of 
the  specimen  to  stretch  more  rapidly  than  the  other,  do  not  di- 
minish the  accuracy  of  the  measurements,  since  half  the  sum  of 
the  extensions  indicated  by  the  two  screws  is  always  the  true 
extension  caused  by  the  respective  loads.^ 

The  machine  used  for  tests  of  transverse  strength  was  designed 
for  the  writer,  and  built  by  Messrs.  Fairbanks  &  Co.,  of  St. 
Johnsbury,  Vt.    It  is  shown  in  Fig.  6. 

It  consists  of  a  Fairbanks  scale,  on  the  platform  of  which  rests 
a  heavy  cast  iron  beam,  0,  to  which  are  fastened  the  supports, 
D  2>,  at  the  required  distances  apart.  The  pressure  is  applied  by  ^ 
means  of  the  hand-wheel  on  the  upper  end  of  the  screw,  JT,  which 
screw  passes  through  the  nut,  JS7,  and  terminates  in  the  sliding 
cross-head,  7.  This  cross-head  serves  both  as  a  guide  and  as  a 
pressure-block.  The  test-piece,  Z,  rests  upon  mandrels  mounted 
upon  the  supports,  2>2>,  at  the  required  distance  apart.  The 
loads  are  weighed  in  the  usual  manner  at  M. 

The  instrument  for  measuring  deflections  is  not  showii  in  the 
cut ;  it  consists  of  an  accurately  cut  micrometer  screw  of  steel, 
having  a  pitch  of  0*025  of  an  inch,  working  in  a  nut  of  the  same 
material  mounted  in  a  brass  frame.  This  instrument  is  supported 
by  a  rod  of  considerable  rigidity  and  of  sufficient  length,  which 
is  secured  to  the  beam,  (7,  close  to  the  tension  rods,  FF^  in  such 
a  manner  that  the  micrometer  is  directly  over  the  cross-head,  in 
the  same  vertical  plane  with  the  test-piece,  and  very  near  and 
parallel  with  the  axis  of  the  large  screw,  K.  The  micrometer 
screw  is  provided  with  a  head  which  is  divided  into  250  equal 
parts.  Thus,  a  rotary  motion  of  one  division  produces  an  ad- 
vance in  the  direction  of  the  axis  of  the  micrometer  screw  of 

>  Thii  inBtrament  is  flgnred  and  described  in  a  report  by  the  U.  S.  Board,  appointed 
to  test  Iron,  steel  and  other  metals,  on  an  inTestlcpatlon  in  the  Mechanical  Laboratory  of 
the  Steyens  Institute  of  Technology;  **  On  the  Properties  of  the  Copper-tin  Alloys." 
Washington :  Government  Printing  Office.   1878. 
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00001  of  an  inch.  A  scale  divided  into  fortieths  of  an  inch  is 
fastened  to  the  frame  of  the  instrument,  in  close  proximity  to 
the  head  and  parallel  to  the  axis  of  the  screw ;  it  serves  to  mark 
the  starting  point  and  indicates  the  number  of  revolutions  made 
in  taking  a  measurement  with  the  screw.  To  insure  accurate 
readings  of  the  deflections  the 
principle  of  electric  contact  is 
also  employed  here. 

The  capacity  of  the  testing  ma- 
chine is  7000  pounds. 

The  testing  machines  used  for 
torsion-tests  in  the  Mechanical 
Laboratory  of  the  Institute  are 
two  styles  of  "Autographic  Re- 
cording Testing  Machines/'  de- 
vised by  the  writer.  They  had 
previously  produced  a  consider- 
able mass  of  records  which  have 
been,  in  part,  presented  by  the 
writer,  with  interpretations,  to 
the  American  Society  of  Civil  En- 
gineers.^ 

The  machine  employed  in  the 
earlier  tests  is  shown  in  Fig.  7. 
Two  strong  wrenches,  G  E^  B  D^ 
are  carried  by  the  frames  A  Aj 
A!  A\  and  depend  from  axes 
which  are  both  in  the  same  line,  but  fio.s, 

are  not  connected  with  each  other. 
The  arm  JB,  of  one  of  their  wrenches 
carries  a  weight  D,  at  its  lower  end. 
The  other  arm,  (7,  is  designed  to  be 
moved  by  hand  in  the  smaller  machines, 
and  by  a  gear  and  pinion,  or  a  worm 
gear,  in  larger  forms  of  the  apparatus. 

The  heads  of  the  wrenches  are  made  as  shown  in  Fig.  8,  the 
recess,  3f,  being  fitted  to  take  the  head,  on  the  end  of  the  test- 
pieces,  which  is  usually  given  the  form  shown  in  Fig.  4. 

A  guided  curve,  F^  of  such  form  that  its  ordinates  are  precisely 
«  See  Trans.  Amer.  Soo.  C.  B.,  1876,  et  $eq. 
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proportional  to  the  torsional  moments  exerted  by  the  weighted 
arm,  B  Z),  while  moving  up  an  arc,  to  which  the  corresponding 
abscissas  of  the  curve  are  proportional,  is  secured  to  the  frame, 
A  A'.  The  pencilholder  is  carried  on  this  arm,  B  Z),  and  as  the 
latter  is  forced  out  of  the  vertical  position,  the  pencil  is  pushed 
forward  by  the  guide  curve,  its  movement  being  thus  made  pro- 
portionate to  the  force  which,  transmitted  through  the  test-piece, 
produces  deflection  of  the  weighted  arm.  This  guide-line  is  a 
curve  of  sines.  The  other  arm,  C  E,  carries  the  cylinder,  Gj 
upon  which  the  paper  receiving  the  record  is  clamped,  and  the 
pencil  makes  its  mark  on  the  table  thus  provided.  This  table 
having  a  motion,  relatively  to  the  pencil,  which  is  precisely  the 
angular  relative  motion  of  the  two  extremities  of  the  tested  speci- 
men, the  curve  described  upon  the  paper  is  always  of  such  form 
that  the  ordinate  of  any  point  measures  the  amount  of  the  dis- 
torting force  at  a  certain  instant,  while  its  abscissa  measures  the 
distortion  produced  at  the  same  instant. 

The  later  and  improved  form  of  machine,  as  now  built  and  used 
in  the  Mechanical  Laboratory  of  the  Institute,  is  shown  in  the  ac- 
companying engraving.  Fig.  9. 

The  frames,  A  A\  are  bolted  to  a  heavy  bed-plate,  which  secures 
the  required  stability.  The  worm  wheel,  3f,  engaging  with  the 
worm,  X,  has  been  substituted  for  the  arm,  C E;  the  worm  is  set 
in  motion  by  means  of  the  crank,  X,  and  in  this  manner  a  very 
slow  and  quite  uniform  motion  can  be  obtained.  Both  wrenches 
are  provided  with  lathe-centres  directly  opposite  each  other  and 
in  the  common  axis  of  rotation.  The  specimen  to  be  tested  is 
placed  upon  the  lathe-centres,  which  hold  it  in  line  while  it  is 
being  secured  in  the  jaws  of  the  wrenches  by  means  of  steel 
wedges  inserted  from  opposite  sides. 

Supposing  a  test-piece  to  be  placed  in  the  machine ;  the  oper- 
ator turns  the  crank,  X,  with  a  uniform  velocity  which  gives  a 
slow  and  a  very  steady  motion  to  the  wrench  connected  with  the 
worm  wheel,  which  is  transmitted  through  the  test-piece  to  the 
wrench  carrying  the  weighted  arm.  The  latter  is  moved  by  the 
force  transmitted  through  the  test-piece  through  an  arc,  which  is 
a  measure  of  the  resistance  to  torsion  offered  by  the  test-piece, 
and  is  recorded  simultaneously  with  the  angle  of  torsion  by  the 
pencil,  as  explained  above. 

The  drum  carrying  the  record  sheet  is  of  such  a  diameter  that 
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the  circumference  is  36  inches,  which,  when  divided  into  tenths, 
makes  360  divisions,  each  of  which  is  representative  of  one  de- 
gree. 

In  the  machines  employed  in  the  Mechanical  LaboratxJry  of  the 
Stevens  Institute  of  Technology  each  inch  of  ordinate  denotes 
100  foot-pounds  of  moment  to  have  been  transmitted  through  the 
test-piece,  and  each  inch  of  abscissa  indicates  10  degrees  of  tor- 
sion. The  friction  of  the  machine  is  not  recorded  by  the  machine, 
but  is  added  in  calculating  the  results. 

FlO.  9. 


By  means  of  this  machine  the  metal  tested  is  compelled  to  tell 
its  own  story,  and  to  give  a  permanent  record  and  graphical  rep- 
resentation of  its  strength,  elasticity  and  every  other  quality  which 
is  brought  into  play  during  its  test,  and  to  exhibit  its  characteristic 
peculiarities. 

The  machine  first  described  was  selected  for  use  in  this  research 
and  was  altered  to  meet  the  special  requirements  of  the  case.  The 
lever  arm,  even  without  the  weight,  giving  too  great  a  moment  of 
resistance  for  some  specimens  of  wood  of  the  usual  diameter,  a 
counterpoise  was  arranged,  consisting  of  a  bar  of  iron  bent  to  a 
rectangular  shape  and  clamped  to  the  lever  arm  below  the  guide 
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curve,  of  such  a  size  that,  when  the  lever  arm  was  deflected,  it 
would  not  interfere  with  the  guide  curve.  To  the  top  of  this 
rectangle  was  fastened  a  vertical  iron  rod,  to  which  was  attached 
a  weight  by  means  of  a  set  screw,  so  arranged  that  the  continu- 
ation of  the  vertical  axis  of  the  lever  arm  should  coincide  with 
the  vertical  axis  of  the  rod  and  weight. 

In  the  diagrams  produced  by  the  machine  thus  modified,  every 
inch  of  ordinate  represents  1-058  ft-lbs.  plus  the  friction  of  the 
machine,  which  in  this  case  is  equal  to  '52  fb-lbs. ;  the  horizontal 
scale  is  the  same  as  above,  i.  e.,  one  inch  of  abscissa  equals  10 
degrees  of  twist. 

The  experiments  were  made,  as  stated,  in  the  Mechanical 
Laboratory  of  the  Stevens  Institute  of  Technology.  The  imme- 
diate charge  of  the  machines  and  the  observation  of  results  of 
tests  wera  intrusted  to  Mr.  Frank  P.  Jones,  M.  E.  (Class  of  '78), 
to  whose  care,  skill,  industry  and  perdstence  we  are  indebted  for 
a  series  of  very  valuable  determinations. 

The  results  were  tabulated  by  Mr.  Jones,  who,  under  the  di- 
rection of  the  writer,  also  prepared  a  series  of  curves  graphically 
representing  them.  The  whole  investigation  was  fully  .described 
in  a  graduating  thesis.^  The  tables  here  given  are  usually  pre- 
sented with  littJe  or  no  material  alteration  as  calculated  by  Mr. 
Jones  for  his  thesis. 

The  tension-tests  gave  the  following  results : 


Results  op  Tests  bt  Tensions. 


Wood. 


White  Pine.... 
TeUowPine... 

Locust 

Black  Walnnt. 

White  ABh 

White  Oak 

Liye  Oak 


in. 
•627 

•632 

•622 

•686 

•644 

•481 

.497 


ModnluB 

of 
Baptnre. 


6877-5 
20702*0 
2892*62 

0786*4 
16490*6 
13207*8 
10800*2 


ModuloB 
of  Proof 
Stress. 


8000 
18200 
19200 

6700 
97000 

8100 

6800 


Besilience. 


Ulti- 


2467*6 
21467*0 
81170*0 

4022*6 
12606*0 

7600*0 

6887*6 


Elasro 


I 


720*0 
8040*0 
10782*6 
1630*0 
8866*0 
8022*5 
2167*6 


Extensions. 
Per  ce.of  length. 


TotaL 


in. 
•725 

1*660 

1*860 

•850 

1*476 

1^800 

1^150 


Atelas- 
tlciim. 


hi. 
•400 

•025 

1^100 

•625 

•775 

•770 

•576 


•  **  Strength  of  Woods  used  in  Engineering.*'   By  Frank  P.  Jones,  M.  E.,  "78.   MSS ; 
small  4to ;  pp.  75 ;  folding  plates  zrii.   Library  Steyens  Institute  of  Technology.   1878. 
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In  calculating  the  results  of  tension-tests,  as  presented  in  the 
table,  the  Beailience  was  obtained,  as  in  all  other  cases,  by  first 
plotting  the  results  of  test  and  obtaining  a  curve  of  which  the 
ordinates  measure  loads  and  the  abscissas  the  corresponding  stretch 
or  other  form  of  distortion,  then  measuring  the  total  area  of  the 
curve  to  obtain  a  measure  of  total  resilience,  or  shock-resisting 
power,  and  bj  taking  the  area  within  the  ordinate  at  the  elastic 
limit  as  the  measure  of  the  elastic  resilience.^ 

The  ModiUus  of  Rupture  is  measured  by  ii  =  ^ ;  in  which  P  is 
the  load  producing  rupture,  K  is  ?rr^,  the  sectional  area  at  the 
point  of  fracture,  and  R  is  the  modulus. 

The  Modulus  of  Proof  Stress  is  similarly  obtained,  taking  !br 
P  the  load  producing  permanent  distortion,  as  measured  at  the 
elastic  limit. 

The  calculations  relating  to  compression  were  similarly  made, 
assuming  that  the  laws  affecting  wood  under  compression  are  the 
same  as  those  acting  when  it  is  broken  by  tension — a  practically 
correct  assumption  where  the  test  pieces,  as  in  this  case,  are 
crushed  without  lateral  flexure. 

The  results  of  test  bt  compression  are  presented  in  the  fol- 
lowing table : 

Results  of  Tests  bt  Compression. 


Wood. 

1 

d 

Modulus 

of 
Ruptnxe. 

Modulus 

of  Proof 

Stress. 

Resiubnob. 

COMPBK88IOX. 

Pr.ct.  of  length. 

Ultimate. 

Elast'c. 

Total. 

Atelas. 
tie  limit 

White  Pine 

TeUowPine 

Locust 

in. 
2*25 

2*26 

2*25 

2*25 

2*25 

2*25 

225 

in. 
1*117 
1*102 
1*078 
1.112 
1*104 
1*117 
1*117 

9592*6 
11992*8 
14818*9 
7001*7 
8148*8 
7143*5 
10409*2 

6600 
7000 
9600 
5700 
0280 
5600 
6300 

19542*6 
16575*56 
26551*14 
5382*6 
12788*16 
15868*8 
28150*82 

3584*8 

4107*18 

5761.*14 

1561*56 

1898*82 

8940*86 

8100*02 

8*498 
2*906 
8*800 
1*254 
2*810 
8*300 
8*366 

1*584 
1*485 
1*617 

Black  Walnut.... 

White  Ash 

White  Oak 

Lire  Oak 

•528 

•726 

1*551 

1*056 

The  TESTS  bt  Traksyerse  Stress  gave  results  which  are  ex- 
hibited in  the  succeeding  table.    Here  the  modulus  of  rupture  is 

*  The  resilience,  as  ustfally  defined,  is  elastic  resilience;  it  should  be  carefVillj  dis- 
tinguished from  totcU  resilience.  The  one  is  proportioned  to  the  workf  or  the  vU  vivat 
required  to  produce  permanent  distortions;  the  other  measures  the  work  required  to 
produce  fracture. 
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i2==  J^;  in  which  expression  P=load  producing  rapture;  1= 
the  length  of  the  test-piece  between  supports;  6=  its  breadth;  d 
=  its  depth  ;  all  measures  are  in  inches,  and  loads  in  pounds. 

In  determining  the  Modulus  of  Proof  Stress  the  same  expression 
is  used,  taking  for  P,  however,  the  proof  load,  or  the  load  at  the 
real  or  assumed  elastic  limit. 

The  Elastic  and  the  Ultimate  Resiliences  here  given  are  the 
number  of  foot-pounds  of  work  done  in  straining  the  specimens 
tested  to  the  elastic  limit  and  to  the  point  of  rupture  respectively, 
and  may  be  taken  as  approximate  measures  of  the  shock-resisting 
power  of  the  material. 

The  Modulus  of  Elasticity,  or  the  relation  of  the  amount  of 
distortion  to  the  load  producing  it  is  determined  by  the  expres- 
sion :  E  =  |^^,  in  which  P  is  the  load  corresponding  to  a  deflec- 
tion, J,  midway  between  supports ;  I  is  the  length  from  support 
to  support ;  J  is  the  amount  of  deflection,  and  /  the  moment  of 
inertia ;  for  these  rectangular  sections,  /==  ^. 


Results  op  Tests  by  Transverse  Stress. 


Wood. 

1 

b 

d 

Modalus 
of 

Modulus 
of  Proof 

Modulus 
of  Elas- 

RB8ILIENCB. 

Deflection. 

Rapture. 

Stress. 

ticity. 

Ultimate. 

Elastic. 

Ulti- 
mate. 

At  elas- 
tic iim. 

in. 

in. 

in. 

in. 

In. 

White  Pine. 

54 

3 

6280 

4320 

883636 

1364-8 

634-8 

1*28 

•86 

Yellow  Pine, 

54 

8 

16740 

12720 

3534727* 

4174-4 

2030-6 

1*96 

•84 

Locust, 

54 

3 

13C80 

8400 

2046315 

4843-2 

1250-2 

2-70 

•82 

Black  Wakint, 

54 

8 

7440 

5640 

1944000 

971-6 

433-2 

•72 

•50 

White  Ash, 

54 

8 

9720 

6360 

10»0000 

533-3 

1212-6 

2-50 

1-50 

White  Oak. 

54 

« 

3 

9640 

7200 

1620000 

8660*8 

1227-2 

1-76 

•90 

Live  Oak, 

54 

8 

3 

11280 

9040 

1851428 

4601-6 

1463*4 

1-38 

•94 

Tests  by  Torsion  were  made  in  the  Autographic  Machine, 
modified  as  already  described. 

Elasticity  is  measured  by  E  =  ^,  in  which  r  is  the  measure  of 
the  recoil  on  removal  of  the  load,  and  h  the  measure  of  the  stress 
on.  the  diagram  taken  from  base-line. 

Stiffness  is  measured  by  /S  =  — ,  in  which  o  measures  the  angle 

•This  figure  is  about  double  that  usually  obtained . 
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of  torsion  to  the  point  considered  (within  the  elastic  limit),  and 
m  the  value  of  the  corresponding  ordinate. 


The  Modulus^  is  obtained  by  the  expression  ^  =  ^,  in  which  m 
and  o  have  the  values  assigned  above ;  I  =  length  of  neck  of 
test-piece^  and  h  =  its  diameter. 

The  Resiliences,  elastic  and  ultimate,  come  from  the  expressions 
e  =  a  ^  +  ^^y  *°<^  ^  =  -^^  +  -^^1  ^^  which  a  is  the  area  of  curve 
to  the  elastic  limit ;  A  is  its  total  area ;  I  =  length  of  abscissa ; 
M  =  radius  of  the  drum  carrying  the  sheet ;  m  =  foot-pounds  per 
square  inch  of  area  of  curve. 

Results  op  Tests  by  Torsion. 


Wood. 


White  Pine,..., 
Yellow  Pine,.. 

Locust, 

Black  Walnnt, 
White  Ash,.... 

White  Oak, 

Live  Oak, 


1 

d 

Resilience. 

Stiffness. 

Ultimate. 

Elastic. 

in. 

in. 

•780 

6^10 

•235 

•448 

•760 

14-425 

•238 

1^744 

•666 

U-067 

•178 

1^720 

•785 

7^396 

•238 

1^088 

•762 

7-381 

•560 

•698 

•780 

12-777 

•396 

•911 

•656 

U-570 

•631 

•474 

Elastic 
Modulus  of 
Ro.sit^tance 
to  Torsion. 


1^5S4. 
6-878 
14-159 
S-060 
2^328 
3156 
8^902 


Comparing  authorities  on  the  strength  of  woods,  it  will  be 
found  that  the  results  here  recorded  usually  differ  from  those  ob- 
tained by  earlier  experimenters,  and  that  these  figures  are  almost 
invariably  higher  than  those  of  Barlow,  Tredgold  or  Laslett,  a 
fact  probably  attributable  to  the  very  uniform  excellence  in  quality 
of  the  specimens  tested,  although  it  is  possible  that  they  may 
prove  the  superiority  of  the  American  to  the  European  timber. 

The  American  timber,  as  here  tested,  gives  figures  in  tension 
from  one-eighth  to  one-fourth  higher  than  the  European  woods 
reported  on  by  Barlow  or  Tredgold,  with  the  exception  of  ash. 
Tredgold's  figures  for  American  woods  are,  however,  lower  than 
those  here  presented,  which  is  evidence  of  a  difference  in  quality 
of  test-pieces  rather  than  of  differences  in  the  varieties  of  timber. 
The  tables  of  resistance  of  timber  given  in  Wood's  **  Resistance 
of  Materials"  accord  more  closely  with  those  here  obtained  than 
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do  those  given  Arequently  elsewhere ;  they  are,  however,  usually 
lower  than  these. 

Comparing  the  results  of  torsional  tests  with  ^hose  previously 
obtained  by  the  writer,^  by  a  similar  method,  they  were  found 
substantially  to  agree.  The  later  experiments  of  Mr.  Jones  do 
not  exhibit  the  peculiar  phenomenon  of  a  depression  and  subse- 
quent re-elevation  of  the  curve  of  the  strain  diagram  which  is 
exhibited  in  some  cases  in  the  earlier  records.  This  may  be  due 
to  the  more  complete  seasoning  of  the  test-pieces  last  used,  or 
to  the  action  of  the  modified  machine,  which  was  less  free  from 
friction,  and  therefore  somewhat  less  sensitive  than  was  that  first 
used  by  the  writer. 

In  all  cases  the  test-pieces  here  described  were  prepared  from 
selected  wood,  straight-grained,  free  ft'om  knots  or  other  per- 
ceivable defect,  and  may  probably  be  considered  as  representative 
of  the  best  quality  of  American  timber,  with  the  exception  of  the 
specimen  of  pine  already  mentioned.  They  were  measured,  when 
brought  to  size,  by  calHpers,  reading  to  iiiVir^h  inch. 

Results  were  carefully  corrected  for  the  local  crushing  of  the 
wood  at  points  of  contact  with  the  machine. 

The  characteristics  of  the  several  woods  are  best  shown  by  the 
autographic  strain  diagrams,  of  which  two  sets  were  given.  The 
one  giving  the  line  of  recoil  when  the  load  was  removed  at  the 
elastic  limit,  the  other  exhibiting  the  full  curve  up  to  the  point 
of  final  rupture.  The  areas  of  these  curves  were  measured  very 
carefully,  by  using  an  excellent  planimeter  reading  to  x^^th 
square  inch. 

American  timber  has,  apparently,  a  value,  in  construction,  equal, 
if  not  decidedly  superior  to,  European  timber. 

The  strength  of  American  timber,  as  given  by  earlier  authorities, 
is  probably  that  of  average  specimens,  and  timber  may  be  obtained, 
as  in  this  case,  by  careful  inspection  of  very  much  greater  value. 

Timber  yields,  under  all  forms  of  stress,  to  an  extent  which  may 
be  taken,  as  with  cast  iron,  to  be  proportional  to  the  load. 

From  what  is  above  stated,  and  from  a  study  of  the  strain  dia- 
grams, it  may  be  concluded  that  the  strength  of  timber  is  so 
variable  that  the  only  safe  course  in  construction  is  to  assume  the 

'  **  On  the  Strength,  Elasticity,  DactUity  and  Resilience  of  Materials  of  Machine 
Construction,  etc.'*  Trans.  Amen  8oc.  of  C.  B.,  Journal  of  thb  FraAkun  Insti- 
tute, 1874. 
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highest  values,  determined  by  the  most  uniform  series  of  tests  of 
the  material  proposed  to  be  used,  and  then  to  adopt  a  high  factor 
of  safety. 

The  tables  above  given  may  probably  be  taken  to  represent  the 
probable  values  of  resistance  of  the  best  selected  woods,  such  as 
are  passed  by  inspectors  for  naval  purposes. 

[Note. — For  the  complete  paper  see  the  Journal  of  the  Franklin 
Institute  for  November,  1879.] 
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ADDRESS 


PROFESSOR  IRA  REMSEN, 


CHAIRMAN  OF  THB  SUBSECTION  OF  CHEMISTRY. 


Gentlemen  of  the  Subsection  of  Chemistrt  : — 

At  this  season  of  the  year,  when  most  of  us  have  for  a  time 
tamed  our  backs  on  the  small,  artificial  laboratories,  which  form 
our  homes,  and  are  seeking  relaxation  and  enjoyment  in  the  great 
laboratory  of  Nature ;  and  when  the  simple  thought  of  a  chemical 
reagent  is  almost  sufficient  to  cause  a  strong  mental  reaction,  it 
is  especially  difficult  to  find  a  theme  for  an  address  which  shall 
prove  interesting  and  instructive  to  those  who  hear  it.  And  yet 
in  comformity  to  the  custom  of  thitf  body  I  propose  to  take  advan- 
tage of  the  opportunity  which  you  have  kindly  given  me  to  speak 
to  you  on  some  subjects  which  have  long  been  on  my  mind — 
subjects,  a  consideration  of  which  may  not,  I  hope,  be  entirely 
uninteresting  to  us  all  as  chemists. 

Assuming  that  I  owe  my  election  to  the  chairmanship  of  this 
section  to  what  little  work  I  have  been  able  to  do  to  further  the 
advancement  of  our  common  science,  and  knowing  that  this  work 
has  been  mainly  in  the  field  of  organic  chemistry,  my  thoughts 
naturally  turn  to  this  field  at  the  present  time,  and  I  would  ask  you 
to  turn  your  thoughts  for  a  brief  period  in  the  same  direction, 
while  I  attempt  to  point  out  certain  important  relations  —  well 
known  to  be  sure,  but  often  lost  sight  of  —  which  exist  between 
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what  is  commonly  called  organic  chemistry,  and  chemistry  proper 
in  its  broadest  sense.  By  organic  chemistry  I  mean,  of  course, 
what  is  better  called  the  chemistry  of  the  compounds  of  carbon, 
but  for  the  sake  of  convenience  I  shall  use  the  shorter  and  better 
known  expression. 

Let  me,  at  the  outset,  say  distinctly  that  I  do  not  regard  organic 
chemistry  as  the  one  important  part  of  chemistry,  but  only  as  an 
important  part.  I  do  not  believe  in  magnifying  the  importance  of 
one  part  of  the  science  to  the  detriment  of  any  other  part.  I 
regard  the  whole  science  of  chemistry  as  a  unit  to  be  mastered  by 
him  who  is  to  be  called  chemist ;  and  no  man  is  worthy  of  the 
name  of  chemist  who  has  not  familiarized  himself  with  the  main 
facts  and  the  underlying  principles  of  the  whole  science. 

Organic  chemistry  bears  essentially  the  same  relation  to  the 
science,  as  a  whole,  as,  for  instance,  the  chemistry  of  the  com- 
pounds of  sulphur,  of  iron,  or  of  sodium.  There  is  nothing 
more  mysterious  and  inexplicable  connected  with  compounds  of 
carbon  than  with  other  chemical  compounds.  They  undergo  the 
same  kinds  of  change,  they  obey  the  same  laws,  they  are  only 
chemical  compounds.  No  chemist  who  is  acquainted  with  the 
results  of  modern  investigations  will  deny  the  truth  of  these 
statements. 

Nevertheless,  it  may  be  asserted  with  confidence  that  in  nearly 
all  the  educational  institutions  in  this  country,  organic  chemistry, 
as  a  branch  of  study,  is  sadly  neglected.  This  is  not  only  true 
of  those  institutions  in  which  the  study  of  chemistry  is  necessa- 
rily of  minor  importance,  but  also  of  those  in  which  chemistry  is 
taught  as  a  specialty.  There  are,  of  course,  some  noteworthy 
exceptions,  but  these  are  not  numerous  enough  to  destroy  the 
force  of  the  statement.  I  can  hardly  expect  that  my  simple 
assertion  will  carry  conviction  with  it,  and  I  do  not  desire  that  it 
should.  We  have  to  deal  with  a  question  of  fact  which  can  be 
examined  in  the  abstract.  And,  though  it  is  difi9cult  to  present 
perfectly  satisfactory  evidence  either  for  or  against  the  assertion,  I 
think  that  an  unprejudiced  investigation  will  prove  that  it  is  true. 

Every  one  who  has  had  much  experience  in  the  examination  of 
the  catalogues  of  colleges  and  universities  knows  that  in  the  case 
of  Ynost  of  them  a  liberal  allowance  must  be  made  for  exaggera- 
tion which  may  be  the  result  of  the  enthusiasm  either  of  loyalty 
or  of  ignorance.    For  this  reason,  I  do  not  consider  it  important 
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to  give  a  detailed  account  of  the  results  of  an  examination  of 
these  sources  of  information,  and  I  will  simply  remark  in  passing, 
that,  while  in  some  important  institutions  it  is  found  that  an 
appreciable  quantity  of  time  is  devoted  to  the  study  of  our  sub- 
ject, in  others  there  is  scarcely  a  mention  of  its  existence.  The 
announcements  in  some  of  these  catalogues  would  tend  to  engen- 
der in  the  minds  of  beginners  the  entirely  false  and  pernicious 
notion  that  analytical  chemistry  is  the  main  subject  of  study  for 
the  chemist  —  a  notion,  by  the  way,  too  often  held  by  those  who, 
unfortunately,  are  called  upon  to  instruct. 

Then  again,  it  is  quite  impossible  to  determine  exactly  what  is 
meant  by  the  announcements  made  in  any  catalogue.  The  same 
expressions  may,  in  different  cases,  mean  entirely  different  things, 
and  yet  both  be  correct  as  far  as  they  go.  The  simple  statement 
in  a  catalogue,  that  organic  chemistry  is  actually  taught  for  a 
third,  a  half  or  a  whole  year  in  a  course  especially  designed  for 
chemists,  would  not  afford  evidence  that  the  subject  is  not  neg- 
lected. The  main  questions  are:  Howls  it  taught?  And  what 
are  the  results  of  the  teaching? 

Any  evidence  then  based  upon  statements  made  in  these  cata- 
logues is  likely  to  be  deceptive  to  a  greater  or  less  extent. 

The  most  conclusive  evidence  of  the  correctness  of  my  assertion 
that  organic  chemistry  is  neglected  in  our  country  is  presented  by 
the  graduates  of  our  educational  institutions.  During  the  past  ten 
years,  I  have  made  the  acquaintance  of  a  large  number  of  these 
graduates,  some  of  whom  had  completed  the  prescribed  courses  in 
well  known  institutions  in  this  country  in  which  science  is  spec- 
ially taught.  Among  them  were  also  some  who  had  been  honored 
with  appointments  as  instructors  in  chemistry  in  their  own  col- 
leges. And  I  have  yet  to  meet  one  who  possesses  anything 
like  a  systematic  and  comprehen%ive  knowledge  of  the  subject  of 
organic  chemistry.  I  do  not  mean  by  this  a  masterly  knowledge, 
such  as  few,  under  the  most  favorable  conditions,  attain,  but  such 
knowledge  as  half  the  American  students  of  chemistry  who 
go  to  Grcrraany  to  study  are  sure  to  acquire  in  a  short  time  under 
the  influences  there  surrounding  them.  Too  often  it  happens  that 
the  student,  after  having  completed  a  prescribed  course  in  any 
branch  of  study,  concludes  from  this  fact  that  he  has  a  thorough 
knowledge  of  the  branch,  and  afterwards  neglects  opportunities 
which  may  present  themselves  to  perfect  his  knowledge.    Just  as 
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a  child,  who  is  allowed  to  read  too  much  Shakspeare,  not  to  mention 
better  books,  in  his  early  years,  fancies  after  maturity  is  reached 
that  he  is  familiar  with  the  books  over  which  with  imperfect  com- 
prehension he  has  spent  much  time.  So  that  the  statements  of 
students  as  to  their  own  acquirements,  like  the  statements  of  col- 
lege catalogues,  require  further  verification. 

I  recall  in  this  connection  some  curious  instances  illustrating 
this  subject.  Not  long  ago  a  student  came  to  me  desiring,  for 
special  reasons,  to  be  examined  in  chemistry.  He  was  a  gradu- 
ate of  a  prominent  institution,  had  distinguished  himself  as  a 
student,  and  was  regarded  by  his  instructors  as  one  of  their  best 
products.  In  the  course  of  a  brief  conversatioti,  I  asked  among 
other  things  whether  he  had  received  any  instruction  in  organic 
chemistry.  He  answered  in  the  affirmative,  and  at  once  proceeded 
spontaneously  to  give  me  some  idea  of  his  attainments  in  the  sub- 
ject. He  said  he  had  made  a  careful  study  of  albumen,  fibrine, 
protagon,  the  substances  which  occur  in  the  bile,  and  a  number  of 
other  similar  compounds  found  in  the  animal  body,  and  he  thought 
he  understood  them  very  well.  This  was  his  idea  of  organic 
chemistry.  The  simplest  facts  which  serv^  to  characterize  the 
compounds  of  carbon  and  give  us  an  insight  into  their  nature  were 
entirely  unknown  to  him.  Another  young  man  who  had  been  an 
instructor  of  chemistry  in  a  very  influential  school  of  scierfce  rec- 
ognized in  quinine,  nicotine,  morphine  and  other  alkaloids,  not 
only  the  essential  parts  of  the  plants  in  which  they  are  found,  but 
the  essential,  active  principles  of  organic  chemistry.  ''If  we 
only  understood  these  substances,"  said  he,  "  the  whole  subject  of 
organic  chemistry  would  be  clear  to  us."  I  discovered  afterwards 
that  this  alkaloid-worshipper  had  never  grasped  a  single  general 
principle  underlying  the  facts  of  organic  chemistry.  I  could 
easily  increase  the  number  of  illustrations,  and  could  show  that 
the  two  cases  mentioned  are  by  no  means  exceptional.  The  young 
men  referred  to  were  rather  more  than  ordinarily  intelligent,  and 
subseqaent  experience  with  them  showed  that  the  perverted 
notions  with  which  they  presented  themselves  to  me  at  first  were 
certainly  the  result  of  their  previous  training,  and  not  of  mental 
incapacity. 

Again,  I  have  not  unfrequently  met  American  students  in  Ger- 
many who,  while  wishing  to  make  chemistry  their  profession, 
objected  to  studying  organic  chemistry  at  all.    They  regarded  the 
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subject  with  a  sort  of  contempt.  When  asked  why  they  objected 
to  the  study,  the  answer  was  almost  invariably :  "  The  Professor 
under  whom  I  studied  at  home  advised  me  to  spend  my  time  in 
acquiring  something  more  important."  The  ^^  something  more 
important "  usually  turned  out  to  be  analytical  methods. 

Of  course,  when  students  are  found  with  radically  wrong  ideas, 
the  blame  in  most  cases  attaches  itself  to  their  instructors,  and 
while  students  have  been  used  as  examples,  they  serve  mainly  to 
show  that  there  is  a  more  fundamental  difficulty  and  that  is  in  the 
instructors  themselves.  Prominent  professors  of  chemistry  might 
be  named  who  either  speak  slightingly  of  organic  chemistry,  or,  at 
least,  by  their  teachings  serve  to  spread  the  idea  that  chemistry  is 
divisible  into  two  parts,  one  of  which  is  chemistry  proper,  while 
the  other  is  an  almost  superfluous  attachment  which,  if  time  permit, 
it  is  well  enough  to  look  into,  but  which  may  also  be  omitted  en- 
tirely from  serious  consideration  without  much  harm.  Although 
this  attitude  of  the  gentlemen  referred  to  can  usually  be  traced 
back  to  the  fact  that  they  have  very  little  comprehension  of  the 
subject,  still  this  only  serves  to  indicate  the  truth  of  my  original 
assertion  that  organic  chemistry  is  neglected  among  our  chemists. 

I  propose  then  to  show  that  the  relations  of  organic  chemistry 
to  chemistry  are  such,  that  the  subject  must  necessarily  be  taught, 
and  taught  thoroughly  to  those  who  are  to  understand  chemistry 
as  it  is  at  present.  , 

In  the  first  place,  many  of  the  important  modern  changes  in  the 
science  of  chemistry  have  been  brought  about  by  investigations 
of  the  phenomena  presented  by  various  compounds  of  carbon. 
Entirely  new  conceptions  have  been  introduced  into  tbe  science 
by  these  investigations.  Hence  the  question :  How  did  chemis- 
tiy  come  to  be  what  it  is  ?  can  not  be  answered  without  constant 
reference  to  studies  upon  the  compounds  of  carbon.  Whatever 
may  be  the  intrinsic  value  of  the  conceptions  of  substitiUiony 
isomerism^  valence^  structure^  it  cannot  be  denied  that  these 
conceptions  do  at  present  play  exceedingly  important  parts  in  the 
science.  Their  fall  significance,  their  relative  importance,  can 
not  be  comprehended  by  one  who  has  not  made  some  study  of  the 
historical  development  of  these  ideas ;  and  without  a  knowledge 
of  the  compounds  of  carbon  this  study  of  the  historical  develop- 
ment can  not  be  made. 
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The  principle  of  substitution  was  discovered  solely  as  a  result 
of  investigations  of  carbon  compounds.  Gay-Lussac  first  recog- 
nized the  fact  that  when  chlorine  acts  upon  wax,  hydrogen  is  given 
up  and  chlorine  absorbed,  and  that  for  each  volume  of  hydrogen 
given  up  an  equal  volume  of  chlorine  is  absorbed.  Then  Dumas 
discovered  that  chlorine  acts  in  the  same  way  upon  oil  of  turpentine, 
and  subsequently,  as  a  result  of  more  extended  study,  he  estab- 
lished the  general  principle  that  every  body  containing  hydrogen  is 
changed  In  the  same  way  when  subjected  to  the  influence  of  chlo- 
rine. In  the  succeeding  years  this  subject  received  a  great  deal  of 
attention  from  working  chemists,  and  the  investigations  of  Lau- 
rent proved  of  special  importance  in  establishing  upon  a  firm  basis 
the  idea  of  substitution,  as  at  present  held.  The  essential  prin- 
ciple of  substitution,  that  the  substituting  element  or  group  enters 
into  the  compound  in  the  place  actually  vacated  by  the  replaced 
element  was  pointed  out  by  Laurent  and  also  by  Liebig  and  Woh- 
ler.  The  point  to  which  I  would  especially  call  attention  is  this, 
that  Laurent  reached  his  conclusion  through  a  study  of  the  action 
of  chlorine  on  naphthalene^  and  Liebig  and  Wohler  were  led  to 
their  conclusion  by  an  investigation  on  the  oil  of  bitter  almonds. 

As  regards  isomerism,  almost  all  that  is  known  of  this  fascinating 
subject  has  been  learned  through  the  numberless  investigations  on 
the  compounds  of  carbon  that  have  been  undertaken  during  the 
past  forty  or  fifty  years.  The  first  idea  held  was,  of  course,  that 
when  two  compounds  contain  the  same  elements  in  the  same  propor- 
tions by  weight  they  must  have  the  same  chemical  properties.  But 
Liebig  found  that  fulminic  acid  (the  acid  which  forms  the  basis  of 
fulminating  mercury)  has  exactly  the  same  composition  as  cyanic 
acid  and  the  two  have  very  different  properties.  Very  shortly  after 
this  discovery  of  Liebig,  Faraday,  while  engaged  in  an  investiga- 
tion of  olefiant  gas,  discovered  a  second  compound  which,  while 
having  the  same  composition  as  olefiant  gas,  exhibited  very  differ- 
ent properties.  These  facts  were  entirely  inexplicable  at  that  early 
date,  but  since  then  explanations  have  been  given  which  are  at 
least  partially  satisfactory.  The  number  of  instances  of  isomerism 
has  enormously  increased,  and  is  increasing  every  day.  Hypotheses 
have  been  framed  which  foretell  the  discovery  of  numberless  cases 
now  unknown,  and  much  of  the  work  in  chemistry  of  late  years 
has  had  for  its  object  the  collection  of  sufilcient  material  to  lead 
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to  a  perfectly  satisfactory  theory  of  the  phenomena  of  isomerism. 
The  work  has  been  done  almost  exclusively  in  connection  with  the 
compounds  of  carbon. 

If  the  study  of  what  is  called  the  structure  or  constitution  of 
chemical  compounds  is  to  be  at  all  intelligible,  it  must  be  ap- 
proached through  a  consideration  of  the  compounds  of  carbon. 
In  no  other  way  can  it  be  comprehended.  This,  I  think,  is 
one  of  the  ehief  reasons  why  so  many  chemists  persist  in  misun- 
derstanding the  expression  "  structure  of  chemical  compounds." 
They  do  not  and  can  not  get  a  clear  conception  of  what  is  meant 
by  it,  because  they  are  not  familiar  with  the  investigations  and 
facts  which  have  led  up  to  the  ideas  involved  in  it.  The  subject 
of  isomerism,  to  which  reference  was  made  above,  is  so  intimately 
connected  with  that  of  structure,  that  the  same  investigations 
which  have  led  to  a  better  understanding  of  the  one  have  also  led 
to  a  better  understanding  of  the  other.  Both  subjects  owe  their 
development  almost  entirely  to  the  study  of  carbon  compounds. 

In  connection  with  the  subject  of  structure  I  may  be  allowed  a 
brief  digression  without  which  my  argument  might  appear  to  some 
to  be  lacking  in  weight.  I  know  there  are  tho§e  who  regard  this 
subject  of  structure  with  feelings  of  aversion,  and  to  these  the 
statement  that  the  subject  can  not  be  understood  without  a  knowl- 
edge of  carbon  compounds  will  hardly  appear  to  be  a  convincing 
argument  in  favor  of  the  study  of  organic  chemistry.  There  is,  I 
think,  in  the  human  mind  a  natural  tendency  to  recoil  from  the 
contemplation  of  some  of  those  chemical  phantasies  called  struct- 
ural formulas.  As  we  turn  over  the  pages  of  many  of  the  books 
and  pamphlets  on  chemistry  written  in  the  last  ten  or  fifteen  years 
our  attention  is  frequently  arrested  by  figures  of  the  most  startling 
character,  made  up  of  letters  of  various  sizes,  of  lines  at  all  an- 
gles, of  broken  lines,  and  of  arrows  curved  and  straight.  We  are 
told  that  these  are  structural  formulas,  that  they  represent,  in 
section  as  it  were,  the  deepest  secrets  of  Nattfre.  When  we  are 
further  told  that  each  letter  represents  an  atom,  an  invisible  and 
indivisible  particle  of  matter ;  that  the  lines  denote  bonds  of  con- 
nection between  these  atoms ;  that  some  lines  indicate  closer  con- 
nection than  others,  the  impression  grows  upon  us  that  we  have 
left  the  region  of  fact  entirely  and  are  in  that  of  phantasy. 
Without  a  careful  examination  of  the  subject  this  impression 
would  be  a  lasting  one,  and  I  regret  to  say  that  many  do  not  take 
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the  trouble  to  make  the  careful  examination.  The  truth  is  that 
the  conceptions  regarding  the  structure  of  chemical  compounds 
held  at  the  present  day  by  the  leaders  of  our  science  rest  upon  as 
firm  a  foundation  as  our  conceptions  concerning  the  existence  of 
atoms.  Most  structural  formulas  met  with  are  the  legitimate 
expressions  of  facts  known  regarding  the  compounds  repre- 
sented. A  carefhl  study  of  the  chemistry  of  carbon  compounds 
will  reveal  a  wealth  of  arguments  in  favor  of  the  structural  form- 
ulas employed ;  but  the  subject  must  be  studied  systematically  and 
carefully  before  the  arguments  can  be  fully  appreciated.  Surely 
we  have  the  right  to  demand  of  the  chemist  that  he  shall  study 
the  subject  systematically  before  he  indulges  in  such  sarcastic  and 
frivolous  criticism  as  has  of  late  been  heard  so  frequently. 

Is  the  investigation  of  structure  useless?  Is  nothing  of  value 
to  be  reached  by  following  out  the  hundreds  of  painstaking 
researches  in  the  region  of  structure,  the  results  of  which  are 
constantly  being  published?  Some  who  are  preaching  the  cause 
of  what  is  called  "  chemical  physics"  would  certainly  lead  us  to 
the  opinions  thus  interrogatively  expressed ;  but  I  am  not  pre- 
pared to  go  with  them.  And  let  me  here  state  my  chemical  creed 
in  a  few  words. 

I  believe  that  chemistry  will  never  reach  its  perfect  state 
through  investigations  carried  on  along  one  line. 

I  believe  that  investigations  in  every  direction,  touching  every 
class  of  compounds  and  every  variety  of  phenomena,  should  be 
encouraged  by  every  possible  means,  and  that  only  in  this  way  is 
advancement  to  be  made. 

In  accordance  with  these  simple  articles  of  belief,  I  believe  that 
the  investigations  in  regard  to  structure  now  going  on  will  lead  to 
more  important  results  in  the  future  than  they  have  in  the  past — 
important  as  these  have  been ;  but  they  must,  of  course,  be  sup- 
plemented by  investigations  of  the  phenomena  attendant  upon 
chemical  reactions..  The  study  of  the  thermal  and  electrical  phe- 
nomena observed  in  connection  with  chemical  transformations  is 
of  undoubted  importance,  but  this  kind  of  study  alone  could  never 
lead  us  very  far. 

But  while  speaking  thus  confidently  in  regard  to  the  subject  of 
structure,  I  can  not  and  would  not  forget  that  there  are  those  who 
are  over- zealous  in  the  use  of  structural  formulas.  They  forget 
too  frequently  that  in  chemistry  a  formula  must  be  the  expression 
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of  known  facts,  or  else  be  almost  valueless.  Our  fonnulas  can  not 
yet  be  used  as  mathematical  formulas.  We  can  not  reason  with 
them,  and  draw  conclusions  of  any  value  with  reference  to  things 
unknown.  Each  step  must  be  verified  by  experiment,  and  the 
formulas  can  only  express  what  has  been  established  by  exper- 
iment. As  to  the  mode  of  expression,  that  must,  to  a  certain 
extent,  be  dependent  upon  some  fundamental  hypothesis  applic- 
able in  every  case.  At  present  it  is  held  that  atoms  combine 
with  atoms  and  that,  by  the  property  of  valence,  there  is  a 
definite  limit  to  the  number  of  other  atoms  with  which  any  given 
atom  can  combine ;  and  the  facts  known  in  regard  to  chemical 
compounds  are  expressed  in  terms  of  this  vcUence-cUomic  hy- 
pothesis.  But  it  must  be  remembered  that  the  facts  expressed 
are  not  dependent  upon  this  hypothesis;  and,  if  to-morrow 
another  and  better  one  should  be  suggested,  the  structural 
formulas  now  in  use  would  have  to  be  changed  indeed,  but  all 
of  them  would  be  changed  in-  the  same  way,  and  they  would  be 
just  as  valuable  as  they  are  now.  The  change  would  be  simply  tf 
translation  from  one  language  to  another,  the  statements  remain- 
ing in  essence  the  same. 

With  these  few  side  remarks  then  concerning  the  general  impor- 
tance of  the  subject  of  structure,  I  return  to  my  main  theme,  and 
repeat  that  the  subject  can  not  be  properly  comprehended  without 
a  careftil  study  of  the  chemistry  of  carbon  compounds. 

The  conception  of  valence  is  the  outgrowth  of  what  at  one  time 
enjoyed  the  name  of  the  "  theory  of  types."  Dumas  found  that 
when  acetic  acid  is  treated  with  chlorine  the  hydrogen  of  the  acid 
is  partly  replaced  by  chlorine,  and  that  the  product  thus  obtained 
is  still  an  acid«very  much  resembling  acetic  acid  itself.  Through 
a  consideration  of  the  connection  existing  between  such  bodies  as 
acetic  and  chloracetic  acids ;  between  chloroform,  bromoform  and 
iodoform,  etc.,  he  was  led  to  the  idea  that  many  compounds  may  be 
regarded  as  belonging  to  the  same  type,  and,  in  a  certain  sense, 
to  be  derived  fVom  the  typical  body.  One  of  the  chief  objects  of 
investigation,  after  the  introduction  of  the  new  ^^  theory,"  was  to 
determine  to  what  type  any  given  compound  belonged.  The  classi- 
cal investigations  of  Williamson  on  the  **  Formation  of  Ethers," 
of  Wurtz  and  Hofmann  on  **  Substituted  Ammonias,"  in  which, 
by  a  series  of  brilliant  experiments,  it  was  shown  that  the  three 
hydrogen  atoms  of  ammonia  can  be  replaced  by  various  groups 
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obtained  from  carbon-compounds,  of  Cahours  on  "  Acid  Chlo- 
rides," and  many  others  resulted  in  the  perfection  of  the  theory  of 
types.  It  was  put  forth  in  its  almost  perfect  form  by  Gerhardt  in 
his  celebrated  "Trait6  de  Chimie  organique."  Grerhardt  supposed 
all  chemical  compounds  to  be  built  up  on  the  model  of  four 
well-known  substances,  viz. :  hydrogen,  hydrochloric  acid,  water 
and  ammonia.  These  were  the  types  to  which  all  compounds 
could  be  referred.  At  a  later  date  Kekul6  added  a  fifth  typical 
substance,  marsh  gas.  It  was  soon  found  that  these  types  were 
insufficient,  and  that  the  ^^  theory"  was  really  of  very  little  value. 
A  more  thorough  examination  of  the  typical  substances  showed 
that  their  existence  is  dependent  upon  the  presence  in  them  of 
different  kinds  of  elements.  In  all  of  the  types  hydrogen  is 
present,  but  the  other  constituent  is  in  each  case  different.  These 
other  constituents  are  chlorine,  oxygen,  nitrogen  and  carbon. 
The  differences  in  the  types  are  due  primarily  to  fundamental 
differences  between  the  atoms  of  chlorine,  oxygen,  nitrogen  and 
.carbon.  The  oxygen  atom  can  hold  in  combination  twice  as  much 
hydrogen  as  the  chlorine  atom.  The  nitrogen  atom  can  hold  three 
times ;  and,  finally,  the  carbon  atom  can  hold  four  times  as  much 
hydrogen  as  the  chlorine  atom.  Thus  the  property  of  atoms 
known  as  valence  was  discoyered ;  and  a  step  beyond  the  "  theory 
of  types"  was  taken.  At  the  present  time  many  of  the  battles  of 
chemistry  are  being  fought  over  this  subject  of  valence.  Intricate, 
as  it  apparently  is,  incomprehensible  as  it  certainly  is,  it  undoubt- 
edly contains  the  germ  of  a  much  clearer  idea  of  chemical  phe- 
nomena than  any  one  now  possesses. 

In  the  second  place,  it  will  be  seen  from  the  remarks  just  made 
that  much  of  the  work  in  chemistry  going  on  at  the  present  day 
is  in  connection  with  the  compounds  of  carbon ;  and  no  one  can 
understand  the  spirit  of  working  chemists  without  an  under- 
standing of  these  compounds.  Take  up  any  one  of  the  ten  or 
twelve  journals  of  chemistry  published  in  the  different  countries 
and  see  what  themes  are  occupying  the  energies  of  those  who  are 
doing  something  towards  adding  to  the  science  of  chemistry.  At 
least  three-fourths  of  the  original  work  done  bear  directly  upon 
the  compounds  of  carbon,  and  the  journals  which  present  to  the 
scientific  world  the  results  of  this  work  are  sealed  books  to  those 
who  do  not  understand  these  compounds.  It  is  impossible  for  any 
one  to  read  intelligently  the  current  journals  of  chemistry  unless 
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he  has  made  a  thorough  study  of  organic  chemistry ;  and  I  assert 
most  emphatically  that  he  who  does  not  constantly  read  the  jour- 
nals of  his  science,  and  read  them  with  care,  can  not  possibly 
keep  in  the  front  rank  of  his  scientific  brethren.  Let  him  cease 
to  read  the  journals,  let  him  depend  upon  other  means  for  acquir- 
ing information  in  regard  to  the  work  going  on  in  the  laboratories 
of  the  world,  and,  before  he  knows  it,  he  will  be  a  veritable  Rip 
Van  Winkle  in  science.  Should  he  ever  wake  and  attempt  to 
comprehend  his  surroundings  he  will  find  it  as  difficult  as  did  his 
famous  prototype. 

It  is  a  grave  error  committed  by  many  chemists,  that  they  do 
not  read  the  journals.  The  results  are  apparent.  If  these  gentle- 
men ever  did  any  original  work  they  gradually  grow  less  and  less 
active,  and  at  last  the  delicious  excitement  attendant  upon  a  suc- 
cessful unravelling  of  the  mysteries  of  Nature  becomes  but  a  thing 
of  memory.  Pure  science  loses  its  attractions,  and  the  duties 
connected  with  the  position  which  may  be  held  are  performed 
simply  in  a  perfunctory  manner.  This  is  no  exaggeration,  and  the . 
line  of  thought  is  not  the  result  of  speculation.  Year  after  year 
Americans  return  home  from  Germany  after  having  passed  through 
complete  courses  in  chemistry  in  the  best  universities.  Of  the 
large  number  who  have  enjoyed  the  best  advantages,  but  very  few 
ever  accomplish  much  in  the  way  of  original  work  afterward. 
There  are  many  reasons  for  this,  with  .some  of  which  we  are 
more  than  acquainted.  We  have  all  heard  how  the  time  of  our 
professors  is  completely  taken  up  in  class-room  work  and  uninter- 
esting details;  how  lacking  this  country  is  in  those  influences 
which  stimulate  to  higher  scientific  work,  etc.  Well !  there  is  much 
truth  in  these  statements ;  but  not  enough  to  account  for  the  want 
of  activity  noticed  among  the  chemists  of  this  country.  I  have 
nothing  to  say  about  the  lack  of  time  complained  of,  as  that  is 
foreign  to  the  present  discussion,  but,  as  regards  the  lack  of 
stimulating  influences,  I  will  simply  say  that  the  case  is  by  no 
means  hopeless,  as  there  is  nothing  which  exerts  a  more  healthful, 
stimulating  influence  upon  a  scientific  man  than  the  reading  of  the 
journals  which  treat  of  his  specialty,  and  I  do  not  recall  just  now 
any  very  good  reason  why  these  journals  should  not  be  read.  In 
chemistry,  however,  as  has  been  remarked,  it  is  impossible  to  read 
the  journals  without  an  understanding  of  the  subject  of  organic 
chemistry. 
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Or  let  us  torn  to  another  side  of  the  question,  for  I  have  no 
desire  to  be  one-sided.  Perhaps  my  practical  brother  objects  to 
my  way  of  looking  at  the  subject.  He  has  but  very  little  interest 
in  the  historical  development  of  chemistry,  or  in  the  thousand 
and  one  purely  scientific  investigations  which  he  will  meet  with  in 
special  chemical  journals.  He  is  not  engaged  in  original  work  and 
the  reading  of  the  journals  is  not  necessary  for  him.  Still  I  think 
a  few  brief  considerations  will  show  that  the  study  of  organic 
chemistry  is  as  important  for  the  practical  chemist,  as  for  him 
who  follows  the  pure  science. 

What  are  the  new  branches  of  industrial  chemistry  which  have 
been  attracting  attention  during  the  lasl  tjuarter  of  a  century? 
Every  one  knows  that  from  coal-tar  numerous  valuable  substances 
are  prepared,  prominent  among  which  are  many  of  the  most  prized 
dyes.  If  any  one  should  understand  the  chcmistrj'  of  these  sub- 
stances it  certainly  is  the  chemist  who  has  to  do  with  the  science 
mainly  in  its  industrial  aspect.  Take  the  aniline  dyes  for  instance. 
^  It  is  quite  impossible  to  understand  the  composition  and  nature  of 
the  mother-substance  of  these  dyes  without  a  comprehension  of 
some  characteristic  and  some  rather  complex  changes  of  organic 
compounds :  and  it  is  equally  difficult  to  understand  the  formation 
of  the  numerous  varieties  of  the  dyes  from  the  mother- substance 
without  a  knowle(fge  of  organic  chemistry.  To  say  that  aniline 
is  the  amido-derivative  of  benzene,  and  that  it  is  obtained  from 
nitro-benzene  by  treatment  with  nascent  hydrogen ;  that  commer- 
cial aniline  is  a  mixture  of  amido-benzene  and  two  or  three  iso- 
meric varieties  of  toluidine,  would  I  fear  sound  rather  unintelli- 
gible to  a  person  who  had  not  studied  organic  chemistry  moder- 
ately carefully.  Further,  to  understand  the  relations  between 
rosaniline  and  commercial  aniline  requires  a  pretty  thorough  study 
of  a  large  number  of  other  relations  between  compounds  contained 
in  the  same  group.  Or  again,  take  the  recently  discovered 
phenol-dyes,  chief  among  which  is  the  wonderful  eosin^.  What  a 
hopeless  task  would  be  an  attempt  to  explain  its  composition  to 
one  not  versed  in  organic  chemistry !  In  the  first  place,  what  is 
a  phenol  ?  Then  from  which  phenol  is  eosine  derived  ?  what  re- 
action yields  it?  etc.  Eosine  is  known  scientifically  by  the  name 
tetrabromfluoresceine ;  and  fluoresceine  is  further  known  as  the 
phthaleine  of  resorcine.  The  names  are  perfectly  comprehensible, 
and  explain  to  us,  if  we  are  familiar  with  the  general  reaction  be- 
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tween  phenols  and  phthalic  anhydride  discovered  by  Baeyer,  that 
fluoreseeine  is  obtained  by  treating  resorcine  with  phthalic  anhy- 
dride ;  and  that  eosine  is  a  product  of  the  action  of  bromine  on 
fluoreseeine.  So  too  with  alizarine  which  forms  the  basis  of  a  very 
important  industry.  Its  chemistry  is  simple  if  one  understands 
the  general  reactions,  the  general  principles  involved  in  its  forma- 
tion. Then  further,  the  dyes  from  diazo-compounds  which  have 
lately  become  important.  Who  can  deal  with  these  successfully 
who  has  not  read  the  classical  papers  of  Griess  understandingly  ? 

There  can  be  no  doubt  that  in  the  future  other  important 
branol\cs  of  industry  will  be  founded  upon  results  reached  by 
work  in  the  province  of  organic  chemistry.  Many  substances 
now  obtained  only  from  plants  at  great  expense  are  destined  to  be 
manufactured  artificially.  Already  we  have  methods  for  the  manu- 
facture of  the  oil  of  mustard,  for  vanilline  and  other  much  used 
compounds ;  and  there  are  indications  that  the  time  will  come 
when  indigo  will  be  contained  in  the  list  of  those  substances 
which  are  made  in  the  chemist's  laboratory,  as  two  methods  are 
alreiady  known  which  yield  it,  though  not  in  sufficient  quantity  to 
make  its  manufacture  profitable. 

While  thus  advocating  the  study  of  organic  chemistry  as  a 
necessary  part  of  a  course  in  chemistry,  and  not  merely  as  a 
luxury,  I  would  be  very  careful  not  to  let  my  enthusiasm  for  the 
study  carry  me  too  far,  so  that  I  should  neglect  the  science  in  its 
broadest  sense.  That  there  is  danger  of  this  result  is  evident  from 
the  way  instruction  in  chemistry  is  managed  in  some  of  the  univer- 
sities of  Germany  at  present.  In  some  of  the  university  labora- 
tories the  instruction  in  general  chemistry  is  unquestionably 
superficial,  while  an  amount  of  work  is  done  in  the  field  of  organic 
chemistry  that  is  almost  incredible.  This  method  should  be  con- 
demned in  the  strongest  terms.  While  the  results  of  the  work 
done  are  in  many  cases  interesting  and  important,  the  sacrifice  of 
the  stu.dent  for  the  sake  of  the  results  should  not  be  countenanced. 
I  recognize  very  fully  the  importance  of  having  a  student  go 
through  with  an  original  investigation  at  some  period  in  his 
course  of  study, — indeed  I  regard  this  as  an  absolute  necessity  in 
a  course  which  makes  any  pretensions  to  completeness,  but  I 
certainly  would  not  think  of  putting  him  on  such  work  until  he 
has  had  a  thorough  training  in  general  chemistry.  This  precau- 
tion is  too  often  neglected  in  Germany.  The  professor  is  inter- 
A.  A.  A.  s.,  xxvui.  15 
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ested  in  the  solving  of  some  problem,  and  the  yonng  student, 
inexperienced  in  the  science,  and  submitting  to  the  guidance  of 
his  instructor,  gladly  takes  up  the  work  suggested  to  him.  In 
such  cases  I  would  cry.  Halt !  as  loudly  as  any  one.  But  plainly 
we  have  here  to  deal  with  a  fault  in  the  teacher,  and  this  is  no 
evidence  of  a  fault  in  the  subject  he  teaches.  On  the  contrary, 
the  activity  displayed  in  the  field  of  organic  chemistry  is  positive 
evidence  of  the  value  of  the  subject :  and  I  may  make  the  same 
remark  concerning  what  is  called  modem  chemistry  in  general. 
Every  conception  of  modern  chemistry  may  be  false,  and  still  I 
claim  that  these  conceptions  have  been  and  are  still  of  the  highest 
value  for  chemistry.  There  is  something  in  organic  chemistry 
which  has  furnished  enormous  incentives  for  work  and  which  still 
draws  men  on,  and  in  this,  if  nothing  else,  lies  its  value.  Years 
ago,  in  speaking  of  the  Alchemists  and  their  conception  of  the 
philosopher's  stone,  Liebig.  used  these  words :  '^  Any  idea  which 
stimulates  men  to  work,  excites  the  perceptive  faculties,  and  brings 
perseverance  is  a  gain  for  science,  for  it  is  work  which  leads  to 
discoveries.  The  most  lively  imagination,  the  most  profound  wis- 
dom is  not  capable  of  suggesting  a  thought,  which  could  have 
acted  more  powerfully  and  lastingly  upon  the  minds  and  powers 
of  man,  than  did  the  idea  of  the  philosopher's  stone.  Withoat 
this  idea  chemistry  could  not  exist  to-day  in  its  present  perfection." 

Anything  which  stimulates  men  to  work  is  of  value,  for  it  is 
work  which  leads  to  discoveries!  These  words  strike  a  chord 
within  us,  and  we  feel  a  thrill  acknowledging  their  truth. 

Organic  chemistry  bids  fair  to  rival  Alchemy  in  the  influence 
which  it  exerts  upon  chemists.  The  number  of  workers  in  the 
field  is  increasing  every  day,  and  the  amount  of  work  increases 
in  a  corresponding  ratio.  From  this  activity  good  results  must 
be  reached.  If  we  are  now  on  the  wrong  road  we  shall  not  dis- 
cover the  fact  by  sitting  down  and  wondering  whether  we  are  or 
not,  but  by  pushing  on  with  all  the  energy  we  can  command  until 
we  reach  some  point  from  which  we  can  learn  clearly  our  position. 

The  Alchemists  had  to  find  out  for  themselves  that  they  were 
wrong,  but  in  the  process  of  finding  out  they  established  a  most 
valuable  lot  of  facts,  they  discovered  important  relations,  they 
furnisLed  the  materials  from  which  chemistry  as  a  science  was 
built  up.  And  though  we  believe  now  that  they  were  striving  for 
an  impossibility,  this  does  not  interfere  in  the  least  with  the  value 
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of  their  work,  or  lessen  the  honor  due  them  for  the  great  results 
they  achieved.  It  is  not  probable  that  all  the  work  done  by  Alche- 
mists was  good  work, —  in  fact  it  is  certain  that  much  of  it  was 
very  bad,  but  to  this  it  may  be  replied  that  whenever  much  work 
is  done  in  any  field  a  considerable  proportion  of  it  is  sure  to  be 
bad.    All  wheat  is  accompanied  by  chaff. 

So  too  in  the  field  of  carbon  chemistry.  It  is  undoubtedly  true, 
that  there  is  much  bad  work  done,  but  it  is  also  true  that  much  of 
the  work  is  good.  Let  us  then  rather  rejoice  in  the  good  than 
complain  of  the  bad.  Even  bad  work  is  better  than  none,  for, 
though  an  error  may  for  a  time  gain  credence,  when  it  is  found 
out  the  work  performed  for  its  overthrow  is  sure  to  be  more  care- 
fully done  than  if  the  error  had  not  been  propagated.  The  history 
of  chemistry  furnishes  abundant  examples  of  the  truth  of  this 
statement. 

Finally,  let  me  repeat  what  I  said  distinctly  at  the  beginning  of 
my  remarks :  ^^  I  do  not  regard  organic  chemistry  as  the  one  im- 
portant part  of  chemistry,  but  only  as  an  important  part."  I 
have  not  been  arguing  the  teaching  of  this  branch  to  the  detriment 
of  chemistry  in  its  broadest  sense,  but  merely  that  chemistry 
might  be  presented  in  its  broadest  sense,  as  it  surely  could  not  be 
without  a  careful  study  of  this  part  of  it.  I  desire  to  see  the 
science  as  a  whole  presented  so  that  students  may  rise  to  higher 
conceptions  concerning  it.  I  would  do  everything  in  my  power 
to  put  a  stop  to  that  kind  of  teaching  which  emphasizes  analysis 
and  loses  sight  of  general  principles,  which  puts  chemistry  before 
the  student  and  before  the  world  in  the  light  of  an  art  and  not  a 
science.  Here  let  me  again  quote  from  my  favorite  chemical 
author  Liebig.  In  the  year  1840  when  the  condition  of  things  in 
Germany  as  regards  chemistry  was  similar  to  that  at  present 
existing  in  this  country,  he  said :  '^  In  the  Gevoerheinstitut  at 
Berlin,  otherwise  so  excellent,  instruction  is  given  in  work  requir- 
ing skill.  Analyses  of  articles  of  commerce  and  the  trades  or  of 
minerals  are  the  highest  that  they  strive  for  there ;  but  these  are 
occupations  in  connection«with  which  judgment,  and  the  thinking 
powers  are  exercised  very  little.  They  are  sufficient  to  make  day 
laborers  and  machines." 

The  ordinary  laboratory  instruction  which  makes  analyses, 
however  complicated  these  may  be,  the  highest  thing  to  be  accom- 
plished, can  never  make  anything  of  the  student  but  a  ^^  day 
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laborer  or  a  machine."  What  was  written  forty  years  ago,  how- 
ever, will  not  apply  to-day  in  Germany.  In  the  Gewerbeschule  of 
Berlin,  in  all  the  best  polytechnic  schools  chemistry  is  taught  as  a 
science  and  not  as  an  art,  and  organic  chemistry  is  included  as  an 
essential  part  of  the  course.  From  the  polytechnic  schools  at 
Berlin,  Carlsruhe,  Stuttgart,  Munich,  Zurich,  Hanover  and  Bruns- 
wick come  many  of  the  most  valuable  investigations  in  the  field  of 
organic  chemistry.  Erlenmeyer,  Liebermann,  Victor  Meyer,  R. 
Otto,  all  known  principally  through  their  labors  in  organic  chem- 
istry are  professors  in  polytechnic  schools.  Baeyer  while  at  the 
Gewerbeakademie  in  Berlin  was  also  principally  engaged  in  solving 
the  problems  of  organic  chemistry.  Has  this  kind  of  teaching 
lowered  the  character  of  the  work  done  by  technical  chemists  in 
Germany?  By  no  means.  German  chemists  are  everywhere 
sought  after.  We  find  them  in  every  country  where  there  is  use 
for  chemistry,  and,  as  a  rule,  they  are  much  more  efficient  than 
those  who  have  had  their  training  elsewhere.  Liebig  lived  to  see 
the  change  in  his  own  country  and  rejoiced  in  it.  May  we  not 
hope  soon  to  see  a  similar  change  take  place  in  this  country?  Is 
not  the  time  near  at  hand  when,  by  the  name  chemist,  we  shall 
mean  one  who  understands  chemistry  as  it  is,  and  not  merely  as 
it  was  ?  when  the  name  shall  signify  something  far  higher  than 
merely  an  ability  to  analyze  substances  ?  I  truly  believe  it  is ; 
and  I  believe  that  the  approach  of  this  time  will  be  hastened  by 
encouraging  the  study  of  chemistry  as  a  complete  science  includ- 
ing organic  chemistry,  in  our  schools  of  science,  and  by  stimulat- 
ing original  work  in  every  direction.  The  signs  are  propitious. 
There  is  more  activity  in  chemical  work  than  there  has  ever  been 
before  among  our  chemists.  It  is  the  duty  of  every  one  of  us  to 
keep  before  us  high  ideals,  and  to  work  towards  them.  Thus  may 
we  hope  for  advancement  in  its  highest  sense. 
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Rbsults  of  Systematic  Analyses  of  Air,  to  determine  the 
Cause  of  the  Variations  in  the  Amount  of  Oxygen  therein 
CONTAINED.    By  Edw.  W,  Morlby,^  of  Hudson,  Ohio. 

[ABSTRACT.] 

Dalton  suggested  that  the  lower  strata  of  the  air  ought  to 
contain  a  larger  proportion  of  oxygen,  on  account  of  its  greater 
specific  gravity.  This  has  not  been  verified  by  experiment,  for  up 
to  heights  attainable  by  the  ascent  of  mountains,  or  by  balloons, 
analyses  have  been  regarded  as  establishing  the  uniformity  of  the 
composition  of  the  air.  There  are,  however,  frequent  variations 
in  the  proportion  of  oxygen,  amounting  even  to  the  fortieth  part 
of  the  whole  oxygen.  No  probable  cause  had  been  suggested  for 
such  variations.  Some  few  years  ago,  Loomis  suggested  that 
great  and  sudden  depressions  of  temperature  at  the  surface  of  the 
earth  are  sometimes  caused  by  the  vertical  descent  of  cold  air 
from  considerable  elevations.  Professor  Morley  connecting  this 
conjecture  with  that  of  Dalton,  expected  to  find  at  time  and 
place  of  such  downfalls  of  cold  air,  a  less  or  greater  fall  in  the 
proportion  of  oxygen  in  the  air.  Such  diminution  in  the  propor- 
tion of  oxygen  would  be  most  easily  detected  at  the  centre  of 
downfall,  but  might  perhaps  exceed  the  errors  of  experiment  even 
at  places  hundreds  or  a  thousand  miles  from  this  centre.  He  had, 
therefore,  made  analyses  in  duplicate  of  samples  of  air  collected 
at  Hudson,  Ohio,  during  and  following  considerable  falls  of  the 
thermometer,  from  September,  1878,  to  April,  1879.  In  every 
case  the  result  was  concordant  with  his  conjecture ;  the  diminution 
varied  from  one  or  two  hundreths  of  one  per  centum  to  one  half 
of  one  per  centum  in  two  cases.  Such  a  coincidence  could  hardly 
be  accidental,  and  he  should  follow  up  the  inquiry  ;  for  this  pur- 
pose, he  expected  to  procure  the  collection  of  samples  at  some 
point  in  Colorado,  a  region  which  Professor  Loomis  has  mentioned 
as  peculiarly  liable  to  downfalls  of  cold  air. 

iHorlbut  Professor  of  Chemiitry,  Western  Reserre  CoUege. 

(229) 
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On  Some  Details  In  the  Construction  of  an  Apparatus  for  the 
Analysis  of  Gases.  ^    By  Edw.  W.  Morlet,  of  Hudson,  Ohio. 

[ABSTRACT.] 

There  was  described  a  new  form  of  connection  between  the 
eudiometer  tube  and  laboratory  tube  in  an  apparatus  after  the 
general  pattern  of  Frankland  and  Ward's  modification  of  Regnault 
and  Reiset's  apparatus.  This  was  ft*ee  from  the  fragility  com- 
plained of  in  the  former  connection,  and  worked  well.  But  the 
chief  object  of  the  paper  was  to  show  what  degree  of  accuracy  in 
analysis  had  been  attained,  so  as  to  afford  material  for  an  opinion 
as  to  the  results  mentioned  in  the  preceding  paper.  One  de- 
vice which  had  materially  increased  the  accuracy  attained  was 
the  use  of  a  fine  adjustment  for  the  level  of  the  mercury  in  the 
eudiometer  and  pressure  tubes.  By  means  of  this,  a  reading  could 
be  made,  the  level  of  the  mercury  readjusted  in  case  of  slight 
variations  of  temperature,  and  a  second  reading  made,  which 
would  be  difficult  except  for  this  device.  The  result  of  a  discus- 
sion of  the  sources  of  error,  and  of  the  errors  of  a  series  of 
observations,  was,  that  the  probable  error  of  a  determination  of 
the  proportion  of  oxygen  in  the  analyses  described  was  a  little 
less  than  one-hundreth  of  one  per  cent. 


Preliionart  Notice  of  a  Revision  of  the  Atomic  Weights. 
By  F.  W.  Clarke,  of  Cincinnati,  Ohio. 

[ABSTRACT.] 

The  writer,  having  collected  all  the  published  weighings  relative 
to  atomic  weight  determinations,  has  undertaken  their  complete 
recalculation  and  recombination  by  the  method  of  least  squares. 
He  starts  with  oxygen,  for  which  the  atomic  weight  has  been  as- 
certained by  the  synthesis  of  water  over  copper  oxide,  and  by 
the  relative  density  of  hydrogen  and  oxygen.  In  the  copper 
oxide  method  we  have  nineteen  determinations  by  Dumas,  and 
^ThiB  paper  is  given  in  ftill  in  the  '*  American  Journal  of  Science  "  for  September,  1B19. 
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eight  by  Erdmann  and  Marchand.  Damas'  results  give  a  mean 
of  15*9607,  d= '0071.  Erdmann  and  Marchand's  mean  is  15*9738, 
±'0113.  These  means,  combined  by  the  nsaal  formula,  give  a 
general  mean  of.  15*9642,  d=  *006,  as  the  most  probable  value  for 
the  atomic  weight  of  oxygen  as  ascertained  by  this  method. 
From  the  relative  density  of  the  two  gases,  Begnault's  figures, 
the  only  series  worth  considering,  give  us  0  =  15*9628,  d=  '0048. 
By  combining  this  mean  with  the  other,  we  get  a  final  general 
mean  of  O  =  15*9633,  d=  '0035.  This  value  is,  of  course,  involved 
in  all  the  subsequent  atomic  weight  calculations,  and  its  probable 
error  affects  all  the  other  probable  errors.  After  oxygen,  the 
elements  silver,  potassium,  sodium,  chlorine, 'bromine,  iodine,  and 
sulphur,  are  discussed  in  a  group.  To  begin  with,  all  similar  data 
are  reduced  as  far  as  possible  to  common  standards.  For  example, 
there  are  nine  series  of  determinations  of  the  percentage  of  oxy- 
gen in  potassium  chlorate.  For  each  series  the  mean  was  calcu- 
lated and  its  probable  error;  and  the  nine  means  were  then 
combined  by  the  ordinary  method  into  one  general  mean.  Thus 
all  the  data  relative  to  the  seven  elements  in  question  were  con- 
densed into  twenty  ratios;  and,  from  these,  eight  independent 
values  for  the  atomic  weight  of  silver  could  be  deduced.  In  this 
group  of  elements  data  were  considered  from  Berzelius,  Penny, 
Pelouze,  Millon,  Marignac,  Maumen6,  Grerhardt,  Struve,  Svanberg 
and  Struve,  Turner,  Dumas,  Cooke,  and  Stas ;  each  set  of  ex- 
periments receiving  exactly  the  weight  indicated  by  the  probable 
error  of  its  mean.  The  final  results  were  as  follows,  putting  0= 
15*9633,  =h -0035. 

Ag,  — 107-675,  ±-0096. 
CI,  —  35-370,  ±-0145. 
Br,  —  79-768,  ± -019. 
I,  — 126-557,  d=  022. 
Na,—  22*998,  d= -Oil. 
K,  —  39-019,  ±-012. 
S,    —   31-984,  d= -012. 

It  is  interesting  to  compare  these  figures  with  those  obtained 
by  Stas  alone.  Since  the  latter  took  for  oxygen  the  atomic  weight 
of  sixteen,  the  results  are  comparable  only  when  the  new  num- 
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bers  are  recalculated  upon  that  standard. 

We  then  get 

lowing  table : 

New  ralnet. 

Stas. 

DiffereDoe. 

Ag. 

107-923. 

107-930. 

-007. 

CI. 

85-451. 

35-457. 

•006. 

Br. 

79-951. 

79-952. 

•001. 

I. 

126-848. 

126-850. 

•002. 

Na. 

23-051. 

23  048. 

•008. 

K. 

89-109. 

89-137. 

•028. 

S. 

32-058. 

82-074. 

•016. 

These  differences,  it  will  be  seen,  are  far  within  the  limits  of 
experimental  error ;  and  the  table  emphasizes  in  the  most  forcible 
way  the  magnificent  accuracy  of  Stas'  work.  No  other  researches 
than  his  could  stand  so  severe  a  test.  Professor  Clarke  hopes 
soon  to  complete  his  discussion  for  all  the  elements. 


Note  on  a  Pbculiar  Case  of  Corrosion  of  the  Metal  Tin.    By 
J.  W.  Osborne,  of  Washington,  D.  C. 
[abstract.] 

The  author  stated  the  well-known  fact  that  the  metal  tin  was 
not  under  ordinary  circumstances  acted  upon  by  water.  The 
piece  of  tin  pipe  he  exhibited  to  the  subsection  showed  a  remark- 
able instance  of  corrosion  in  which  the  oxygen  of  the  water  in 
which  it  was  submerged  appears  to  have  been  the  active  agent. 

This  pipe  had  formed  one  leg  of  a  large  siphon  used  in  the  con- 
struction of  a  filter  for  household  purposes. 

This  filter  consisted  of  a  glass  bottle  holding  several  gallons, 
containing  a  thick  layer  of  wood-charcoal  at  bottom,  and  above 
that,  one  of  well-washed  sand ;  the  two  layers  filling  the  bottle  for 
two-thirds  of  its  height,  about  ten  inches.  The  water  to  be  fil- 
tered was  poured  into  the .  upper  part  of  the  bottle,  which  was 
constantly  replenished,  and  the  filtered  water  was  drawn  off  slowly 
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when  wanted,  from  a  wooden  cock  which  terminated  the  outside 
leg  of  the  siphon.  This  filter  had  worked  well  for  twenty  months, 
and  very  lai^e  quantities  of  Potomac  j^ater  had  passed  through  it. 
At  the  end  of  that  time,  with  the  intention  of  renewing  the  char- 
coal, it  was  taken  to  pieces.  The  tin  was  then  found  to  be  deeply 
pitted,  the  cavities  being  filled  with  tin  oxide.  This  corrosion 
was  limited  to  the  part  of  the  tube  corresponding  to  the  position 
of  the  charcoal ;  that  portion  in  contact  with  the  sand,  and  with 
the  water  above  the  sand  was  not  attacked.  The  cavities  in  the 
tin  were  clustered  irregularly  in  groups,  and  the  whole  surface  of 
the  tube  at  that  place  was  blackened.  The  inside  of  the  tube  was 
not  attacked. 

Since  these  facts  were  noted,  two  slips  sawn  from  the  same  tube 
and  polished  were  placed  upright  in  earthen-ware  vessels.  One 
of  these  contained  a  stratum  of  sand,  and  the  other  one  of 
charcoal  with  sand  above  it  in  imitation  of  the  filter.  Both  were 
then  filled  with  water,  and  kept  full,  and  after  two  weeks  both 
slips  were  removed,  and  were  now  before  the  section.  The  slip 
from  the  sand  alone  had  come  out  as  it  went  in,  smooth,  but 
slightly  tarnished.  The  other  was  less  tarnished  but  had  brought 
with  it  most  of  the  charcoal  particles  in  contact  with  it  (many 
of  them  measuring  2V  ^  iV  inches  across),  and  some  sand :  all 
adhering  very  firmly,  especially  the  charcoal.  Under  the  char- 
coal when  it  was  removed  and  the  surface  polished,  indications 
of  corrosion  were  very  evident ;  but  the  time  of  exposure  was  too 
short  to  produce  the  effect  with  that  distinctness  which  would  jus- 
tify an  opinion  as  to  the  nature  and  significance  of  the  action. 

In  these  recent  experiments  both  sand  and  charcoal  were  pre- 
pared with  especial  care.  The  former  was  treated  with  acids,  and 
then  washed  till  no  trace  of  acid  reaction  remained.  The  latter 
was  freshly  ignited,  coarsely  powdered,  and  then  washed  with  hot 
water  till  all  alkaline  reaction  disappeared. 

The  analysis  of  the  tin  (for  which  the  speaker  was  indebted  to 
Doctor  Antisell  of  Washington)  showed  that  it  contained  94.3 
parts  Tin,  and  5.7  Lead. 
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On  the  Sugar  content  of  the  sap  of  the  maple  tree  and  the 
pRESjsuRE  OF  THE  SAHB%  By  H.  W.  WiLET,  of  Lafayette, 
Indiana. 

I  was  anable  to  find,  in  the  limited  literature  at  my  command, 
any  exact  statement  of  the  percentage  of  sugar  in  the  maple  sap. 

Farmers  state  generally  that  40  gallons  of  water  are  required 
to  make  one  gallon  of  molasses. 

As  the  maple  syrup  usually  sent. into  market  contains  but 
little  over  50  per  cent,  sugar  it  would  seem  that,  if  the  general 
idea  given  above  be  true,  there  is  but  little  more  than  1  per  cent, 
sugar  in  the  sap. 

The  determinations  of  sugar  were  made  by  the  new  half-shadow 
polariscope  manufactured  by  Schmidt  &  Haensch,  Berlin. 

The  orchard  ft'om  which  the  specimens  were  taken  is  an  old  one 
which  has  been  in  use  more  than  fifty  years.  It  is  situated  two 
miles  west  of  Lafayette. 

My  first  determinations  were  made  on  the  21st  of  March  after 
two  days  of  a  moderately  hard  freeze. 

Specimens  of  sap  were  taken  from  twelve  different  trees  se- 
lected so  as  to  represent  in  size,  shape,  age,  etc.,  the  average 
growth  of  the  grove. 

Following  are  the  percentages  of  sugar  obtained.  I  also  give 
specimens  taken  from  the  same  trees  four  days  later,  March  25, 
after  two  days  and  nights  constant  running. 


NOS. 

For  cent.  March  SI. 

FwcMit.  March  IS. 

1 

8-95 

8-44 

2 

2-95 

2-68 

8 

8-26 

2-80 

4 

2-70 

2-84 

5 

2-70 

2-60 

6 

8-20 

2-42 

7 

2-51 

2-00 

8 

1-95 

1-87 

9 

8-08 

2-00 

10 

2-67 

2U 

11 

2-70 

211 

12 

8-51 

2-74 
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The  twelve  trees  above  given  had  been  "tapped"  about  a  week 
before  the  examinations  were  made. 

Wishing  to  try  some  perfectly  fresh  trees,  specimens  of  sap 
were  taken  on  March  25  firom  three  fresh  trees  which  gave  in  the 
polariscope  the  following  numbers. 


Nos. 
1 

Per  cent,  sugar. 
3-93 

2 

3-75 

8 

2-42 

When  I  was  a  boy  there  was,  on  my  father's  farm,  a  maple  tree, 
which  we,  in  honor  of  its  excellence,  had  named  the  sweet  tree. 
The  woodpeckers  were  equally  aware  of  its  good  properties  and 
every  spring,  when  its  "  sap  was  up,"  would  fill  it  with  holes,  and 
the  escaping  juice  drying  had  colored  the  bark  almost  a  perfect 
black.  I  sent  for  a  specimen  of  the  water  from  this  tree  and 
found  the  percentage  of  sugar  to  be  4.30.  This  tree,  situated 
nearly  two  hundred  miles  south  of  the  grove  already  mentioned, 
had  just  about  ended  Its  season  when  its  specimen  was  taken  in 
the  latter  part  of  March.  I  feel  confident  that  had  the  specimen 
been  taken  in  February  or  early  in  March  it  would  have  shown 
a  percentage  of  sugar  higher  by  two  or  three  than  the  one  given. 

The  sugar  product  is  no  inconsiderable  item  in  the  income  of 
many  parts  of  the  western  forest  land.  Among  the  causes  which 
make  it  less  may  be  reckoned  a  mild,  irregular  winter  and  long  use 
of  the  trees.  Variations  during  the  season  may  be  referred'  to  the 
length  of  time  the  tree  has  been  "tapped"  and  the  time  of  the 
season.  The  sap  seems  to  be  richer  in  sugar  early  in  the  season 
and  when  the  tree  is  first  bored.  Subsequent  experiments  will 
show  if  there  be  any  marked  annual  variation  in  the  amount  of 
sugar. 

PRESSURE  OF  THE  SAP. 

The  mercury  gauge  of  an  ordinary  Bunser  filter-pump  was  used 
in  these  determinations. 

The  experiments  made  were  at  distances  of  one  meter  ft'om  the 
ground.  My  intention  was  to  make  an  extended  series  of  in- 
vestigations at  different  distances  from  the  ground  but  the  abrupt 
close  of  the  season  prevented  this  from  being  carried  into  exe- 
cution. 
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A  proper  opening  having  been  made,  the  gauge  was  connected 
water  tight  with  the  tree  by  drawing  a  brass  tube  into  the  hole, 
and  connecting  it  by  stout  rubber  hose  with  the  gauge. 

The  pressure  in  a  number  of  experiments  was, — 

minimum   =  33.4  c  m 
maximum  =  55.4  "  " 


Chemical  Notes.    By  Albebt  R.  Leeds,  of  Hoboken,  N.  J. 

[abstract.] 
1.    Solubility  op  Ozone  in  Wateb. 

In  the  first  place,  the  results  arrived  at  by  previous  experiment- 
ers were  given ;  Soret,  Meissner,  Houzeau  and  Carius  having  ar- 
rived at  the  conclusion  that  ozone  is  soluble  in  water,  while  Schon- 
bein,  Marignac,  Williamson  and  Andrews,  stated  that  it  was  not. 
Secondly,  the  methods  hitherto  employed  in  the  solution  of  this 
question  were  briefly  reviewed,  from  which  the  importance  of 
employing,  in  a  new  trial,  tests  of  a  different  nature  fVom  those 
previously  used,  was  rendered  evident.  In  the  performance  of 
these  tests,  it  was  shown  that  the  oxidation  of  lead  plates,  com- 
pletely immersed  beneath  the  surface  of  water,  was  much  greater 
after  the  current  of  air  passing  over  the  surface  bad  been  ozonised, 
than  it  was  before.  That  under  similar  circumstances,  plumbic 
sulphide  was  oxidized  to  peroxide  of  lead  and  free  sulphuric  acid, 
and  plates  of  silver  foil  became  tarnished  with  a  film  of  argentic 
peroxide.  And  since  the  presence  of  hydrogen  peroxide  had  been 
carefVilly  excluded,  and  air  or  oxygen  dissolved  in  water  was  inca- 
pable of  producing  these  last-mentioned  results,  they  could  be 
attributed  only  to  the  solution  of  the  ozone  taken  up  by  the  water, 
in  which  the  substances  acted  upon  had  been  completely  immersed. 

2.    Action  of  Ozone  upon  the  Coloubing  Matter  of  Plants. 

In  the  annals  of  the  N.  Y.  Academy  of  Sciences,  Vol.  I,  No.  7, 
p.  216, 1  have  given  the  results  obtained  when  ozonised  oxygen 
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was  made  to  act  upon  fiowers  and  plants.  They  were  exposed  to 
the  action  of  a  slow,  continuous  current  of  ozonised  oxygen,  con- 
taining one  mgrm.  ozone  per  liter,  during  intervals  varying  from 
eighteen  to  thirty-six  hours.  The  results,  which  were  mainly  neg- 
ative, were  so  unsatisfactory,  that  I  have  repeated  the  experiments 
with  the  aid  of  more  efficacious  apparatus  for  generating  ozone. 

One  phosphorus  ozonator  was  employed  to  supply  ozone, 
another,  without  the  phosphorus  cakes  upon  the  discs,  made  a 
convenient  arrangement  to  contain  the  flowers.  As  their  stems 
were  placed  in  vessels  filled  with  water,  and  the  bells  were  closed 
by  the  water  contained  in  the  jars,  the  atmosphere  surrounding 
the  flowers  was  kept  moist,  which  was  of  importance  in  con- 
ducting the  experiments. 

J.    Bleaching  of  flowers  (162  liters  of  air  passed  over). 


Heuotropb  .. 


BOUYABDIA  . 


Violet 

Pink 

Panst  (purple). 


After  10  hrs.  (120  mgrms,) 
Dirty  Yellow. 
(Leaves  bleached  at  ends.) 
Yellow  at  end  of  petals. 

White  in  spots. 
Little  affected. 
White  in  spots. 


After  19  hn.  (228  mgrms.) 
Bleached  leaves  also. 
All  perAune  dOBtroyed. 
Partly  bleached. 
Leaves  white  in  spots. 
Some  petals  white. 
Little  affected. 
Bleached. 


At  the  end,  therefore,  of  19  hours,  when  152  liters  of  air  con- 
taining in  all  228  mgrms.  of  ozone  had  passed  over,  the  bleaching 
was  very  imperfect. 

U,    1200  liters  of  air  passed  over,    (Total  ozone  1.8  grms,) 

At  the  end  of  5  DATS. 


Lantana,  red. 

Fuchsia,  calyx,  carnation-red, 

petals,  rose-pink. 
Petunia,  magenta-coloured. 
Rose,  crfanson. 
Agapanthus  Umbel}ata8. 
Verbena,  purple  with  white  center. 
Pelargonium,  scarlet. 
Euphorbia,  salmon-coloured. 
Fuchsia. 
Verbena,  maroon-coloured. 


Yellow  and  somewhat  decomposed. 

Yellow. 

Dirty  White. 

Calyx  and  petals  partly  bleached. 

YeUow. 

White  at  end  of  petals. 

Bleached. 
(I 

Partly  bleached. 

Calyx  and  stamens  yellow. 

Dirty  white. 
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A  piece  of  calico  with  a  pattern  in  bright  green  and  black,  was 
completely  bleached  during  the  same  interval,  the  green  colonr 
having  disappeared  completely  and  the  stain  of  the  mordant  only 
remaining  where  the  black  had  been. 

///.     Ozonised  Oxygen.    (^Exposure  Si  hours,) 


BoBe,  light  red. 
Fnchsia. 
Verbena,  purple. 
Verbena,  red. 
Petuoia,  porpUBh*red. 
relargonianoi  pink. 
Bonvardia. 


Nearly  white,  leaves  white  in  tpota. 

Bleached  to  light  red. 

White  with  parple  spots. 

White  with  red  spots. 

White  in  spoto. 

White  at  end  of  petals. 

Dirty  white. 


No  determination  was  made  of  the  percentage  of  ozone  during 
this  particular  experiment.  But  the  same  ozoniser  was  employed 
as  in  other  trials  when  it  had  produced  24  mgrms.  ozone  per  liter. 
A  slow  current  of  the  gas  was  kept  flowing  during  the  course  of 
the  entire  experiment. 

Conclusion : —  The  colouring  matters  of  both  leaves  and  flowers 
of  the  species  experimented  upon  were  destroyed  by  ozone.  But 
a  considerable  percentage  of  ozone  is  required  to  produce  this 
result,  or  if  such  small  amounts  as  are  obtained  in  the  customary 
methods  of  ozonising  air  by  phosphorus  are  employed  (1  to  3 
mgrms.  per  liter),  a  large  volume  of  ozonised  air  must  be  used, 
and  a  considerable  interval  elapse,  before  bleaching  is  effected. 

3.    Bleaching  of  Sugar  Syrups  by  Ozone. 

Not  being  able  to  find  in  chemical  journals  any  accounts  of 
experiments  made  upon  coloured  syrups  with  ozone  as  a  bleaching 
agent,  while  there  were  rumors  that  such  experiments  had  been 
tried,  although  with  very  partial  success,  it  appeared  the  easiest 
way  of  obtaining  satisfactory  knowledge  upon  this  point,  to  make 
suitable  trials  in  this  laboratory. 

The  material  was  kindly  furnished  by  Dr.  Amo  Behr,  from 
syrups  manufactured  in  the  refinery  of  Messrs.  Matthiessen  & 
Wiechers,  Jersey  City.  The  first  specimen  was  of  syrup  which 
had  undergone  but  one  filtration,  and  was  of  a  brownish-yellow 
colour.  In  this  preliminary  experiment,  the  amount  of  ozone 
required  to  effect  the  bleaching  was  not  determined.    At  its  close, 
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the  syrup  was  of  a  faint  straw  colour  and  of  slightly  acid  reaction. 

A  second  trial  was  made  upon  a  syrup  which  had  been  twice 
filtered,  still  retaining  a  strong  yellow  tint.  20  cc.  of  the  syrup 
were  introduced  into  a  Geissler  absorption  apparatus,  and  a  slow 
current  of  oxygen,  ozonised  to  the  extent  of  24  mgrm.  ozone  per 
.  liter,  passed  through  it  for  several  hours.  When  about  100  mgrm. 
ozone  had  been  brought  into  contact  with  the  syrup,  it  had  become 
almost  colourless.  To  our  litmus  paper  it  was  neutral,  although 
Dr.  Behr  informs  me  he  detected  a  very  faint  reaction. 

As  determined  by  Dr.  Behr,  the  filtered  syrup,  when  it  came 
from  the  refinery,  contained  in  100  parts,  50  parts  of  dry  sub- 
stances and  40  parts  of  pure  sugar.  The  alteration  in  bleaching 
is  seen  in  the  following  table : — 

Effect  of  Ozone  upon  Filtered  Syrup. 

Dry  substance  contains  Unbleached  Bleached 

Cane-sugar  (by  polariscope)         79.7  per  cent        80.0  p.  c. 
Inverted-sugar  12.7  '*      "  12.7     " 

4.    Reduction  of  Carbonic  Acid  by  Phosphorus 
AT  Ordinary  Temperatures. 

As  a  preliminary  determination,  rendered  essential  in  the  prog- 
ress of  certain  studies,  it  became  necessary  to  ascertain  whether 
phosphorus  was  entirely  without  action  upon  carbonic  acid  at 
ordinary  temperatures.  The  inquiry  was  set  on  foot  with  the 
expectation  merely  of  arriving  at  a  negative  result.  The  experi- 
ments were  conducted  as  follows : — 

I.  The  three  leaden  discs  of  the  phosphorus-ozonator  were  cov- 
ered with  cakes  of  fresh  phosphorus,  and  lowered  beneath  the 
surface  of  water  in  the  jars.  After  the  air  had  been  completely 
expelled  by  a  long  continuous  current  of  carbonic  acid,  the  cakes 
were  raised  so  as  to  bring  them  in  contact  with  the  gas.  As  it 
issued,  the  gas  flowed  through  a  potassium  iodide  wash-bottle,  and 
then  through  a  Peligot-tube  containing  strips  of  paper  saturated 
with  solution  of  palladium  chloride.  After  five  hours  the  iodide 
was  unafi'ected,  but  the  palladium  papers  were  blackened,  and  the 
liquid  at  the  bottom  of  the  U  tube  contained  a  notable  precipitate. 
On  replacing  the  papers  by  fresh  ones,  they  were  blackened  in  the 
course  of  fifteen  minutes.    Allowed  to  remain  over  night  (sixteen 


Digitized  by  VjOOQ IC 


240  CHEMICAL  notes; 

hours), and  aspirated  with  proper  precautions  through  solution  of 
palladium  chloride,  the  latter  showed  an  increase  in  weight  of 
forty  mgrms. 

II.  Two  wide-mouthed  flasks  were  filled  with  carbonic  acid, 
great  precautions  being  taken  to  exclude  air.  Each  contained 
several  sticks  of  phosphorus  partly  covered  with  water.  Alter 
sealing,  one  was  placed  in  the  dark,  the  other  in  sunlight,  and  both 
allowed  to  remain  for  twenty-four  hours.  As  in  the  preceding 
experiments,  dense  fumes  arose  in  both  bottles,  those  in  both  the 
bottles  exposed  to  sunlight  being  attended  with  the  deposit  of 
much  sublimed  yellowish-red  phosphorus.  On  testing,  the  con- 
tents of  both  flasks  eflected  a  reduction  of  the  palladium  salt. 

III.  A  quantitative  determination  of  the  amount  of  reduction 
was  made  in  the  following  manner.  A  five  liter  jar  was  entirely 
filled  with  water,  the  air  in  the  generating  apparatus  and  the  vari- 
ous wash-bottles,  etc.,  was  removed  by  a  long  continued  current  of 
carbonic  acid,  and  at  last  the  jar  was  filled  with  the  gas,  the  last 
traces  of  oxygen  having  been  taken  out  by  the  interposition  of  a 
wash-bottle  containing  potassium  pyrogallate.  After  standing  for 
four  days  in  contact  with  the  phosphorus  and  water  at  the  bottom 
of  the  jar,  the  residual  gas  was  drawn  ofl*;  first,  through  a  long 
moist  cotton  filter,  then  through  a  potassium  iodide  solution,  then 
through  three  V-tubes,  filled  respectively  with  Ca  Cl^,  Cuj  CI,  and 
Ca  CI2,  the  last  acting  as  a  guard.  The  iodide  solution  underwent 
no  change,  but  the  acid  solution  of  cuprous  chloride  had  increased 
in  weight  0.150  grm. 

IV.  In  these  experiments  the  increase  in  weight  had  been  attrib- 
uted to  the  reduction  of  the  carbonic  acid  to  carbonic  oxide.  But 
on  opening  the  flask  above  mentioned,  the  very  powerful  and 
characteristic  smell  of  phosphuretted  hydrogen  was  noticed  and 
this  led  to  the  following  additional  trials.  A  large  amount  of 
carefully  purified  carbonic  oxide  was  passed  through  a  solution  of 
argentic  nitrate,  with  the  result  of  showing  that  no  reduction 
whatsoever  took  place  in  the  silver  salt.  Then  a  nine  liter  flask 
containing  thirteen  sticks  of  phosphorus  and  filled  with  carbonic 
acid  to  the  exclusion  of  every  trace  of  air,  was  exposed  after 
sealing,  to  the  action  of  sunlight  for  four  days.  The  products 
of  the  reaction  were  subsequently  aspirated  through  solutions  of 
EI,  AgNOa  and  PdClj.  The  first  and  last  were  unafibcted ;  the 
silver  solution  contained  a  dense  black  precipitate  of  argentic 
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phosphide,  of  which  0.177  grm.  was  composed  of  metallic  silver. 
On  attempting  to  dry  this  precipitate  at  100®,  it  underwent  a  grad- 
ual decomposition,  so  that  only  the  actual  weight  of  silver  was 
determined.  The  largeness  of  this  result  shows  how  considerable 
an  amount  of  hydrogen  phosphide  had  been  formed.  But  the 
entire  absence  of  any  change  in  the  palladium  solutions  demon- 
strates that  no  carbonic  oxide  had  been  produced,  and  the  gas 
which  in  the  former  experiments  had  been  supposed  to  be  carbonic 
oxide  was  in  fact  only  hydrogen  phosphide.  The  same  reactions 
were  found  to  occur  in  diffused  light,  but  the  amounts  were  not  so 
great. 

5.   Oxidation  of  Carbonic  Oxide  bt  Air  oyer  Phosphorus 
AT  Ordinary  Tehpbratttres. 

Having  demonstrated  by  some  preliminary  experiments  that 
carbonic  oxide  was  converted  into  acid  by  air  over  n^oist  phospho- 
rus at  common  temperatures,  the  following  experiment  was  made 
in  order  to  determine  the  amount  of  carbonic  acid  formed. 

A  five  liter  jar,  containing  five  sticks  of  phosphorus  and  a 
little  water,  was  filled  with  2500  cc.  of  carbonic  oxide  and  the 
remaining  space  with  air.  The  carbonic  oxide  was  made  from 
potassium  ferrocyanide  and  sulphuric  acid,  and  washed  with  water, 
caustic  potash  and  baryta  water.  On  transferring  it  to  the  jar  it 
was  washed  again  in  a  similar  manner,  a  final  U-tube  filled  with 
baryta- water  remaining  pellucid,  showing  the  absence  of  any  car- 
bonic acid.  The  air  was  purified  likewise.  At  the  expiration  of 
eighteen  hours,  the  gases  were  drawn  first  through  a  moist  cotton 
filter,  then  through  a  potassium  iodide  solution,  and  finally  through 
two  baryta  waters.  The  faint  rose  coloration,  which  the  iodide 
solution  struck  with  starch  water,  corresponded  to  0.04  mgrm. 
ozone  in  the  total  volume  of  gas  drawn  over.  The  last  baryta 
water  remained  clear;  the  first  had  absorbed  fourteen  mgrms. 
carbonic  acid.  The  carbonic  acid  estimation  was  made  by  decom- 
posing the  barium  salt,  and  weighing  the  carbonic  acid  gas 
evolved,  for  fear  that  some  traces  of  oxides  of  phosphorus  might 
have  escaped  the  purifiers,  and  entered  into  combination  with  the 
baryta. 

Experiments  instituted  in  order  to  determine  whether  pure 
carbonic  oxide  subjected  to  the  action  of  moist  phosphorus,  for 
long  periods  and  in  some  instances  with  the  conjoint  action  of 

A.  A.  A.  8.,  VOL.  XXVm.  16 
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sanlight,  would  result  in  the  reduction  of  t\ke  carbon  compound 
to  some  lower  oxide,  or  to  the  elementary  condition,  gave  a  n^a- 
tive  result. 


On  the  LiioTS  of  Mbteobological  Conditions  GovBRNiNa  the 
Extension  op  Beet-boot  Cultube.  By  Wm.  MoMubtbie,  of 
Washington,  D.  C. 

[ABSTRACT.] 

In  connection  with  my  duties  as  Agent  and  Representative  of 
the  Department  of  Agriculture  at  the  late  Paris  Exposition,  I  was 
difected  by  the  Hon.  Commissioner  of  Agriculture  to  study  the 
conditions  of  the  culture  of  the  sugar  beet  and  the  manufacture  of 
sugar  therefVom  and  the  more  I  studied  the  cultural  branch  of  the 
subject  and  the  conditions  which  govern  the  extension  of  the  cul- 
ture into  new  territory,  the  more  firmly  I  became  convinced  that 
while  the  social  and  commercial  relations  as  well  as  the  characters 
of  soil  and  rotation  of  crops  undoubtedly  have  a  powerful  influ- 
ence, yet  the  predominant  meteorological  conditions  are  the  most 
important  of  all  and  this  view  was  strengthened  by  the  observa- 
tions and  remarks  made  by  various  authorities  and  bearing  upon 
the  subject.  Deherain,  commenting  upon  the  results  of  his  work 
upon  the  experimental  farm  attached  to  the  Agricultural  school  at 
Grignon,  with  culture  of  beets  of  the  same  variety  and  under  sim- 
ilar conditions  each  year,  shows  that  the  exceptionally  high  propor- 
tions of  sugar  found  in  the  roots  produced  in  1877  are  due  to  the 
more  favorable  conditions  of  rainfall  and  temperature  during  the 
month  from  September  15  to  October  15.  This  is  illustrated  in  the 
following  table : 


TSABB. 

AVBBAOB 
TEMFEBATUBB. 

TOTAL  BAINFALI^ 
IKCUES. 

OBSEBVATIOK8. 

1875 
1876 
1877 

68.7*  F 
69.4*  F 
61.3*  F 

2.64 

2.17 
0.45 

Poor  beets 
Poor  beets 
Rich  beets 
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Reasoning  from  the  above  figures  he  concludes  that  the  ripening 
period,  which  at  Grignon  is  between  the  dates  mentioned,  should  be 
dry  and  cool. 

Dr.  Joseph  Hanaman's  observations  made  at  Lobositz  concern- 
ing the  season  of  1877  led  to  similar  conclusions.  In  a  paper  pub- 
lished on  the  subject  he  saj's :  ''  The  temperature  and  atmospheric 
conditions  were  very  .favorable  in  1877  as  well  for  the  normal 
development  of  the  plant  as  for  the  production  of  sugar.  Thus 
the  year  1877  may  be  considered  one  of  the  best  of  the  last  decen- 
nial period.  The  last  months  of  growth  were  eminently  fitted  to 
facilitate  maturation  of  the  roots,  the  saccharine  richness  and 
purity  of  which  were  exceptional.  The  month  of  September  was 
constantly  dry,  except  toward  the  last  days ;  the  nights  were  cool." 

Briem*s  observations  at  Griissbach  were  like  those  already  men- 
tioned and  lead  to  similar  conclusions.  There  Sep^mber  was  cool 
and  dry,  and  growth  was  stopped  from  that  time.  He  considers 
that  for  beet-root  culture  "  the  temperature  of  the  soil  should  be 
at  least  50**  F  at  the  time  of  sowing.  A  warm  month  of  May 
favors  germination.  A  hot  July  makes  the  roots  run  to  seed : 
rainy  August  gives  weight:  dry  September  increases  the  sugar 
while  a  wet  September  has  the  opposite  effect.  From  May  to  the 
middle  of  June  should  be  warm  and  tolerably  moist  with  a  day 
temperature  of  60°  to  65®  F.  June  and  July  should  be  relatively 
cool  and  rainy  with  a  day  temperature  of  65**  to  67**  F.  August 
and  September  should  be  tolerably  warm  and  relatively  dry  with 
an  average  temperature  of  64.5°  to  67.5°  F.  October  cool  and 
fresh  with  an  average  temperature  of  47.7°  F.  The  sum  of 
degrees  of  heat  ^  required  for  the  production  of  sugar  is  divided 
as  follows  in  round  numbers :  April  1370° ;  May  1840°  ;  June  1980°  ; 
July  2140°;  August  2030°;  September  1840°;  October  1530°. 
Total  12730°  F  in  seven  months." 

In  view  of  these  facts  I  considered  that  it  would  be  of  value  to 
undertake  a  study  and  comparison  of  the  average  meteorological 
conditions  predominating  in  the  best  growing  districts  of  Europe, 
with  a  view  to  the  determination  if  possible  of  the  limits  which 
may  govern  the  extension  of  the  culture  into  new  territory.  Find- 
ing great  difficulty  in  securing  data  concerning  other  conditions  on 
account  of  the  paucity  of  recorded  observations  and  the  limited 
time  at  my  disposal,  I  have  been  forced  to  content  myself  princi- 

^Foand  by  moltiplyiiig  the  monthly  average  by  number  of  days  in  the  month. 
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pally  with  a  study  of  the  temperature  and  rainfall  of  Austria, 
Germany,  Holland,  Belgium  and  France.  For  the  data  required 
I  have  had  recourse  to  the  publications  of  Dove,  Qu6t^Ut,  Mascart, 
Becquerel,  Gasparin,  and  Mari6-Davy  ;  the  Atlas  Meteorologique  de 
V  Observatoire  de  PariSj  and  the  Anniuxire  de  la  Societe  MeteorO' 
logique  de  France. 

It  was  also  my  desire  to  obtain  records  of  the  number  of  rainy 
days  and  the  relative  humidity,  but  as  they  are  not  recorded  for 
all  the  countries  I  considered  it  better  for  the  most  part  in  the 
present  work  to  omit  them.  Quet^let  has  however  furnished  us 
with  complete  records  for  Belgium  and  similar  records  elsewhere 
give  us  some  notion  of  the  importance  of  this  feature  of  the  sub- 
ject. I  shall  return  to  this  point  of  the  number  of  rainy  days 
later  on.  My  plan  of  procedure  in  this  work  was  to  collect  and 
tabulate  the  records  of  the  average  of  temperature  and  rainfall  for 
various  stations  in  the  countries  mentioned  and  particularly  in  the 
beet-growing  districts  thereof  and  from  the  resulting  tables  deter- 
mine the  limits  in  question.  The  second  part  of  the  work<K>n- 
sisted  in  plotting  on  the  map  by  reference  to  the  Smithsonian 
Temperature  and  Rain  Tables  those  sections  of  the  United  States 
in  which  the  conditions  confined  by  the  limits  adopted  have  been 
found  to  predominate.  The  following  abstract  from  the  tables 
mentioned  will  serve  to  show  the  averages  of  the  conditions  in 
France  and  Germany. 
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To  illustrate  the  subject  more  graphically,  I  have  constructed  a 
table  of  curves  showing  the  average  monthly  rainfall  and  temper- 
ature for  the  North  of  France  and  Grermany  and  for  special  sta- 
tions in  the  midst  of  the  beet-growing  districts  of  these  countries, 
selecting  Cambrai  for  the  first  and  Halle  for  the  second.^  These 
curves  show  how  nearly  the  general  conditions  of  the  beet  growing 
districts  of  Europe  correspond  with  those  stated  by  Briem  to  be 
most  favorable  to  the  culture  and  may  even  to  some  extent  explain 
the  cause  for  greater  richness  of  German  crops,  which  is  generally 
referred  to  the  influence  of  the  fiscal  system  adopted  by  the 
Government.  They  show  that  the  records  for  the  various  stations 
are  remarkably  regular  and  similar :  the  rainfall  during  the  spring 
months  being  invariably  low,  generally  below  2  inches:  in  the 
summer  months  higher,  generally  above  2  and  even  8  inches  and 
in  the  autumn  months  low  or  below  2  inches  again. 

In  the  study  of  the  records  of  temperature  it  appears  that  the 
beet-root,  within  certain  limits  of  course,  is  more  likely  in  this 
country  to  suffer  from  too  high  a  temperature  during  the  summer 
months  than  from  a  deficiency  of  heat.  Thus  it  is  a  rare  thing  to 
find,  in  the  meteorological  records  of  the  stations  within  the  sec- 
tions of  extended  beet-root  culture  in  Europe,  a  monthly  temper- 
ature above  70^  F,  and  this  fact  may  I  think  be  considered  a 
significant  one,  for  there  is  a  comparatively  small  section  of  the 
United  States  where  the  averages  during  the  summer  months  will 
not  exceed  this  figure.  Mari6-Davy,  collecting  data  with  relation 
to  evaporation  of  moisture  from  the  earth's  surface,  finds  it  to  be 
most  rapid  in  the  southern  latitude  as  might  naturally  be  expected. 
But  he  also  finds  that  the  average  rainfall,  monthly  or  annual, 
varies  or  increases  regularly  as  we  go  south  so  that  the  rainfall  at 
Montpellier  or  Marseilles  is  more  than  double  the  quantity  that  falls 
at  Lille.  At  the  same  time  the  evaporation  is  three  times  as  rapid. 
Besides  this,  rains  being  less  frequent  and  the  quantity  falling  on 
each  occasion  greater,  much  is  lost  by  surface  drainage.  This 
will  explain  why  in  Southern  latitudes  of  the  Northern  Hemi- 
sphere, notwithstanding  the  larger  quantity  of  water  falling,  the 
beet-root  suffers  from  want  of  moisture. 

In  all  latitudes  it  seems  that  during  the  growing  season  frequent 
rains,  even  if  the  quantity  falling  at  each  time  is  small,  are  an 
important  factor  in  determining  rapid  normal  development  of  the 
*  The  table  of  corres  is  omitted  in  thia  abstract. 
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root  and  the  production  of  high  proportions  of  sugar.  The 
observations  of  Qu6t61et  in  Belgium,  and  those  of  others  in  France 
and  Germany,  show  that  during  the  summer  months  in  the  beet- 
growing  districts  of  Europe  the  number  of  days  upon  which  rain 
falls  is  from  12  to  15  for  each  month  and  there  are  but  few 
recorded  instances  in  which  this  number  for  the  average  falls  be- 
low 10,  while  it  is  frequently  found  above  15.  This  condition 
maintains  a  constant  supply  of  moisture  so  favorable  to  the  plant 
in  question. 

The  second  portion  of  my  work  consisted  in  plotting  upon  the 
map  those  sections  of  the  United  States  in  which  the  records  of 
the  meteorological  conditions  correspond  most  nearly  with  those 
of  the  beet-growing  districts  of  Europe,  thus  determining  the  local- 
ities most  favorable  to  the  culture  in  this  country.  To  this  end  I 
made  use  of  the  Smithsonian  Rain  and  Temperature  Tables  so 
admirably  compiled  by  Schott,  taking  account  of  only  those  sta- 
tions for  which  the  average  monthly  temperature  for  June,  July, 
and  August  is  below  70**  F,  and  the  average  monthly  rainfall  is 
above  two  inches  for  the  same  period.  All  the  stations  determined 
by  these  limits  ace  confined  within  a  band  crossing  the  northern 
portion  of  the  United  States,  and  its  southern  boundary  is  repre- 
sented by  a  line  passing  through  southwestern  Connecticut,  the 
extreme  northern  portion  of  Pennsylvania,  closely  following  the 
border  of  the  lake  in  Ohio  passing  up  into  southern  Michigan  and 
around  the  lakB  into  the  extreme  northwest  of  Indiana  and  north 
east  of  Illinois ;  in  a  northerly  direction  through  the  middle  of 
Wisconsin,  crossing  Minnesota  at  the  latitude  of  St.  Paul ;  thence 
through  northeastern  Dakotah  and  passing  into  the  British  Pos- 
sessions at  about  the  2dd  parallel  of  longitude.  The  line  returns 
to  the  United  States  again  in  Washington  Territory,  at  about  the 
44th  parallel,  and  passes  in  a  southerly  direction  to  the  northern 
boundary  of  California  which  it  crosses  at  the  45th  parallel  and 
then  passes  to  the  ocean  at  a  point  a  little  south  of  the  40th  paral- 
lel of  latitude.  There  are  also  isolated  stations  in  the  Rocky 
Mountains,  and  in  some  of  the  southwestern  counties  of  Pennsyl- 
vania, but  these  stations  are  few,  not  sufiQcient  for  a  generaliza- 
tion. 

I  do  not  mean  to  maintain  that  the  sugar  beet  cannot  be  pro- 
duced (and  with  profit)  in  any  section  without  the  band  thus 
determined,  for  at  one  time  the  culture  of  the  crop  and  the  manu- 
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factnre  of  sugar  were  carried  on  in  the  Departments  of  France  to 
the  south  of  Paris  and  almost  as  far  south  as  the  Ceyennes,  but  it 
was  when  the  industry  was  protected  by  heavy  duties  upon  sugars 
of  foreign  production  and  was  tree  from  home  tax.  But  as  soon 
as  this  protection  was  withdrawn,  the  industry  was  broken  up  in  the 
Southern  Departments  and,  within  two  years,  more  than  half  the 
factories  of  that  section  were  permanently  closed,  and  at  present 
the  number  of  factories  located  outside  the  section  to  the  north 
and  east  of  Paris  is  but  a  small  proportion  of  the  total  number 
existing  in  France.  It  is  also  an  interesting  fact  that  the  localities 
in  the  United  States  in  which  the  enterprise  of  beet-root  culture 
and  manufacture  of  sugar  there&om  has  been  undertaken  and  has 
resulted  in  failure  and  loss  are  all  without  the  band  determined  by 
the  limits  under  consideration. 

In  view  of  the  relations  pointed  out,  it  would  seem  eminently 
advisable  that  those  who  may  propose  the  introduction  of  the 
culture  of  the  stigar  beet  in  any  locality  should  study  closely  the 
meteorological  conditions  to  which  it  is  subject.  These  are  the 
only  influences  bearing  upon  the  culture  of  this  important  crop 
which  are  entirely  without  the  control  of  human  skill  and  intelli* 
gence.  Deficiencies  in  the  chemical  or  physical  condition  of  the 
•oil  or  in  the  methods  of  culture  may  be  modified  at  the  will  of 
the  grower,  but  deficiencies  in  the  meteorological  requirements, 
form,  it  seems  to  me,  an  insuperable  obstacle  to  the  permanent 
extension  of  this  valuable  culture. 
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•  Since  publiBbed  in  the  Eleyenth  Annnal  Report  of  the  Mass.  State  Board  of 
'  Health,  1880. 

t  Given  at  a  lecture  in  General  Seasion,  on  Monday  eyening. 
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ADDRESS 

OF 

MAJOR  JOHN  W.  POWELL, 

YICE-PBBSIDBNT,  SECTION  B. 


MTTHOLOQia  PHILOSOPHY. 


Members  of  the  Association: — 

Ladies  and  Gentlemen:  — 

I. — The  Genesis  of  Philosophy. 

The  wonders  of  the  course  of  nature  have  ever  challenged  at- 
tention. In  savagery,  in  barbarism,  and  in  civilization  alike,  the 
mind  of  man  has  sought  the  explanation  of  things.  The  move- 
ments of  the  heavenly  bodies,  the  change  of  seasons,  the  succes- 
sion of  night  and  day,  the  powers  of  the  air,  majestic  mountains, 
ever-fiowing  rivers,  perennial  springs,  the  flight  of  birds,  the  gli-  . 
ding  of  serpents,  the  growth  of  trees,  the  blooming  of  flowers,  the 
forms  of.  storm-carved  rocks,  the  mysteries  of  life  and  death,  the 
institutions  of  society — many  are  the  things  to  be  explained.  The 
yearning  to  know  is  universal.  How  and  why  are  everlasting  in- 
terrogatories profoundly  instinct  in  humanity.  In  the  evolution 
of  the  human  mind,  the  instinct  of  cosmic  interrogation  follows 
hard  upon  the  instinct  of  self-preservation. 

In  all  the  operations  of  nature,  man's  weal  and  woe  are  involved. 
A  cold  wave  sweeps  from  the  north — ^rivers  and  lakes  are  frozen, 
forests  are  buried  under  snows,  and  the  flerce  winds  almost  con- 
geal the  life-fluids  of  man  himself,  and  indeed  man's  sources  of 
supply  are  buried  under  the  rocks  of  water.    At  another  time  the 

•  (261) 
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heavens  are  as  brass,  and  the  clouds  come  and  go  with  mockery  of 
unfulfilled  promises  of  rain,  the  fierce  midsummer  sun  pours  its 
beams  upon  the  sands,  and  blasts  heated  in  the  furnace  of  the 
desert  sear  the  vegetation ;  and  the  fruits,  which  in  more  congenial 
seasons  are  subsistence  and  luxury,  shrivel  before  the  eyes  of 
famishing  men.  A  river  rages  and  destroys  the  adjacent  valley 
with  its  flood.  A  mountain  bursts  forth  with  its  rivers  of  fire,  the 
land  is  buried  and  the  people  are  swept  away.  Lightning  shivers 
a  tree  and  rends  a  skull.  The  silent,  unseen  powers  of  nature, 
too,  are  at  work  bringing  pain  or  joy,  health  or  sickness,  life  or 
death,  to  mankind.  In  like  manner  man's  welfare  is  involved  in 
all  the  institutions  of  society.  How  and  why  are  the  questions 
asked  about  all  these  things — questions  springing  from  the  deep- 
est instinct  of  self-preservation. 

In  all  stages  of  savage,  barbaric,  and  civilized  inquiry  every 
question  has  found  an  answer,  every  how  has  had  its  thuSy  every 
why  its  because.  The  sum  of  the  answers  to  the  questions  raised 
by  any  people  constitute  its  philosophy ;  hence  all  peoples  have 
had  philosophies  consisting  of  their  accepted  explanation  of 
things.  Such  a  philosophy  must  necessarily  result  from  the 
primary  instincts  developed  in  man  in  the  early  progress  of  his 
differentiation  from  the  beast.  This  I  postulate ;  if  demonstration 
is  necessary,  demonstration  is  at  hand.  Not  only  has  every  peo- 
ple a  philosophy,  but  every  stage  of  culture  is  characterized  by 
its  stage  of  philosophy.  Philosophy  has  been  unfolded  with  the 
evolution  of  the  human  understanding.  The  history  of  philoso- 
phy is  the  history  of  human  opinions  from  the  earlier  to  the  later 
days — from  the  lower  to  the  higher  culture. 

In  the  production  of  a  philosophy,  phenomena  must  be  diacerMd^ 
discriminated^  classified.  Discernment,  discrimination,  and  class- 
ification are  the  processes  by  which  a  philosophy  is  developed.  In 
studying  the  philosophy  of  a  people  at  any  stage  of  culture,  to 
understand  what  such  a  people  entertain  as  the  sum  of  their 
knowledge  it  is  necessary  that  we  should  understand  what  phe- 
nomena they  saw,  heard,  felt,  discerned ;  what  discriminations  they 
made,  and  what  resemblances  they  seized  upon  as  a  basis  for  the 
classification  on  which  their  explanations  rested.  A  philosophy 
will  be  higher  in  the  scale,  nearer  the  truth,  as  the  discernment  is 
wider,  the  discrimination  nicer,  and  the  classification  better. 

The  sense  of  the  savage  is  dull  compared  with  the  sense  of  the 
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civilized  man.  There  is  a  myth  current  in  civilization  to  the  effect 
that  the  barbarian  has  highly  developed  perceptive  faculties.  It 
has  no  more  foundation  than  the  myth  of  the  wisdom  of  the  owl. 
A  savage  sees  but  few  sights,  hears  but  few  sounds,  tastes  but  few 
flavors,  smells  but  few  odors ;  his  whole  sensuous  life  is  narrow 
aud  blunt,  and  his  facts  that  are  made  up  of  the  combination  of 
sensuous  impressions  are  few.  In  comparison  the  civilized  man 
has  his  vision  extended  away  toward  the  infinitesimal  and  away 
toward  the  infinite ;  his  perception  of  sound  is  multiplied  to  the 
comprehension  of  rapturous  symphonies ;  his  perception  of  taste 
is  increascil  to  the  enjoyment  of  delicious  viands ;  his  perception 
of  smell  is  developed  to  the  appreciation  of  most  exquisite  per- 
fumes ;  and  his  facts  that  are  made  up  of  the  combination  of  sen- 
suous impressions  are  multiplied  beyond  enumeration.  The  stages 
of  discernment  from  the  lowest  savage  to  the  highest  civilized 
man  constitute  a  series  the  end  of  which  is  far  from^  the  beginning. 

If  the  discernment  of  the  savage  is  little,  his  discrimination  is 
less.  All  his  sensuous  perceptions  are  confused ;  but  the  confVi- 
sion  of  confusion,  is  that  universal  habit  of  savagery — the  confu- 
sion of  the  objective  with  the  subjective,  so  that  the  savage  sees, 
hears,  tastes,  smells,  feels  the  imaginings  of  bis  own  mind.  Sub- 
jectively determined  sensuous  processes  are  diseases  in  civilization, 
but  normal,  functional  methods  in  savagery. 

The  savage  philosopher  classifies  by  obvious  resemblances — 
analogic  characters.  The  civilized  philosopher  classifies  by  essen- 
tial affinities  —  homologic  characteristics — and  the  progress  of 
philosophy  is  marked  by  changes  from  analogic  categories  to 
homologic  categories. 

II. — Two  Grand  Stages  of  Philosopht. 

There  are  two  grand  stages  of  philosophy — ^the  mythologic  and 
Ihe  scientific.  In  the  first,  all  phenomena  are  explained  by  anal- 
ogies derived  from  subjective  human  experiences ;  in  the  latter, 
phenomena  are  explained  as  orderly  successions  of  events. 

In  sublime  egotism  man  first  interprets  the  cosmos  as  an  exten- 
sion of  himself;  he  classifies  the  phenomena  of  the  outer  world  by 
their  analogies  with  subjective  phenomena ;  his  measure  of  dis- 
tance is  his  own  pace,  his  measure  of  time  his  own  sleep,  for  he 
says,  '^  It  is  a  thousand  paces  to  the  great  rock,"  or,  ^^  It  is  a  hun- 
dred sleeps  to  the  great  feast."    Noises  are  voices,  powers  are 
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hands,  movements  are  made  afoot.  By  subjective  examin|ition 
discovering  in  himself  will  and  design,  and  by  inductive  reason 
discovering  will  and  design  in  his  fellow  men  and  in  animals,  he 
extends  the  induction  to  all  the  cosmos,  and  there  discovers  in  all 
things  will  and  design.  All  phenomena  are  supposed  to  be  the 
acts  of  some  one  and  that  some  one  having  will  and  purpose.  In 
mythologic  philosophy  the  phenomena  of  the  outer  .physical  world 
are  supposed  to  be  the  acts  of  living,  willing,  designing  person- 
ages. The  simple  are  compared  with  and  explained  by  the  com- 
plex. In  scientific  philosophy,  phenomena  are  supposed  to  be 
children  of  antecedent  phenomena,  and  so  far  as  science  goes  with 
its  explanation  they  are  thus  interpreted.  Man  with  the  subjective 
phenomena  gathered  about  him  is  studied  from  an  objective  point 
of  view  and  the  phenomena  of  subjective  life  are  relegated  to  the 
categories  established  in  the  classification  of  the  phenonema  of 
the  outer  world  ;  thus  the  complex  is  studied  by  resolving  it  into 
its  sin^ple  constituents. 

Some  examples  of  the  philosophic  methods  belonging  to  widely 
separated  grades  of  culture  may  serve  to  make  my  statements 
clearer. 

Wind. — The  Ute  philosopher  discerns  that  men  and  animals 
breathe.  He  recognizes  vaguely  the  phenomena  of  the  wind,  and 
discovers  its  resemblance  to  breath,  and  explains  the  winds  by 
relegating  them  to  the  class  of  breathings.  He  declares  that 
there  is  a  monster  beast  in  the  north  that  breathes  the  winter 
winds,  and  another  in  the  south,  and  another  in  the  east,  and 
another  in  the  west.  The  facts  relating  to  winds  are  but  partially 
discerned  ;  the  philosopher  has  not  yet  discovered  that  there  is  an 
earth-surrounding  atmosphere.  He  fails  in  making  the  proper  dis- 
criminations. His  relegation  of  the  winds  to  the  class  of  breath- 
ings is  analogic,  but  not  homologic.  The  basis  of  his  philosophy 
is  personality,  and  hence  he  has  four  wind-gods. 

The  philosopher  of  the  ancient  Northland  discovered  that  he 
could  cool  his  brow  with  a  fan,  or  kindle  a  flame,  or  sweep  away 
the  dust  with  the  wafted  air.  The  winds  also  cooled  his  brow,  the 
winds  also  swept  away  the  dust  and  kindled  the  fire  into  a  great 
conflagration,  and  when  the  wind  blew  he  said,  "  Somebody  is 
fanning  the  waters  of  the  fiord,"  or  "  Somebody  is  fanning  the 
evergreen  forests,"  and  he  relegated  the  winds  to  the  class  of  fan- 
nings,  and  he  said,  '*The  god  Hraesvelger,  clothed  with  eagle- 
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plumes,  is  spreading  his  wings  for  flight,  and  the  winds  rise  from 
under  them." 

.  The  early  Greek  philosopher  discovered  that  air  may  be  impris- 
oned in  vessels  or  move,  in  the  ventilation  of  caves,  and  he  recog- 
nized wind  as  something  more  than  breath,  something  more  than 
fanning,  something  that  can  be  gathered  up  and  scattered  abroad, 
and  so  when  the  winds  blew  he  said,  ^^  The  sacks  have  been  untied," 
or  "  The  caves  have  been  opened." 

The  philosopher  of  civilization  has  discovered  that  breath,  the 
fan-wafted  breeze,  the  air  confined  in  vessels,  the  air  moving  in 
ventilation, — that  these  are  all  parts  of  the  great  body  of  air 
which  surrounds  the  earth,  all  in  motion,  swung  by  the  revolving 
^  earth,  heated  at  the  tropics,  cooled  at  the  poles,  and  thus  turned 
into  counter-currents  and  again  deflected  by  a  thousand  geographic 
features,  so  that  the  winds  sweep  down  valleys,  eddy  among 
mountain-crag^s,  or  waft  the  spray  from  the  crested  billows  of  the 
sea,  all  in  obedience  to  cosmic  laws.  The  facts  discerned  are 
many,  the  discriminations  made  are  nice,  and  the  classifications 
based  on  true  homologies,  and  we  have  the  science  of  meteorology, 
which  exhibits  an  orderly  succession  of  events  even  in  the  fickle 
winds. 

Sun  and  Moon. — ^The  Ute  philosopher  declares  the  sun  to  be  a 
living  personage,  and  explains  his  passage  across  tha  heavens 
along  an  appointed  way  by  giving  an  account  of  a  fierce  personal 
conflict  between  Ta-vi,  the  sun-god,  and  Ta-wats,  one  of  the 
supreme  gods  of  his  mythology. 

In  that  long  ago,  the  time  to  which  all  mythology  refers, 
the  sun  roamed  the  earth,  at  will.  When  he  came  too  near  with 
his  fierce  heat  the  people  were  scorched,  and  when  he  hid  away 
in  his  cave  for  a  long  time,  too  idle  to  come  forth,  the  night  was 
long  and  the  earth  cold.  Once  upon  a  time  Ta-wats,  the  hare-god, 
was  sitting  with  his  family  by  the  camp-fire  in  the  solemn  woods, 
anxiously  waiting  for  the  return  of  Ta-vi,  the  wayward  sun-god. 
Wearied  with  long  watching,  the  hare-god  fell  asleep,  and  the  sun- 
god  came  so  near  that  he  scorched  the  naked  shoulder  of  Ta-wats. 
Foreseeing  the  vengeance  which  would  be  thus  provoked,  he  fled 
back  to  his  cave  beneath  the  earth.  Ta-wats  awoke  in  great  anger, 
and  speedily  determined  to  go  and  fight  the  sun-god.  After  a 
long  Journey  of  many  adventures  the  hare-god  came  to  the  brink 
of  the  earth,  and  there  watched  long  and  patiently,  till  at  last  the 
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sun-god  coming  out  he  shot  an  arrow  at  his  face,  but  the  fierce 
heat  consumed  the  arrow  ere  it  had  finished  its  intended  course  ; 
then  another  arrow  was  sped,  but  that  also  was  consumed ;  and 
another,  and  still  another,  till  only  one  remained  in  his  quiver,  but 
this  was  the  magical  arrow  that  had  never  failed  its  mark.  Ta- 
wats,  holding  it  in  his  band,  lifted  the  barb  to  his  eye  and  bap- 
tized it  in  a  divine  tear ;  then  the  arrow  was  sped  and  struck  the 
sun-god  full  in  the  face,  and  the  sun  was  shivered  into  a  thousand 
fragments,  which  fell  to  the  earth,  causing  a  general  conflagration. 
Then  Ta-wats,  the  hare-god,  fled  before  the  destruction  he  had 
wrought,  and  as  he  fled  the  burning  earth  consumed  his  feet,  con- 
sumed his  legs,  consumed  his  body,  consumed  his  hands  and  his 
arms — all  were  consumed  but  the  head  alone,  which  bowled  across 
valleys  and  over  mountains,  fleeing  destruction  from  the  burning 
earth  until  at  last,  swollen  with  heat,  the  eyes  of  the  god  burst 
and  the  tears  gushed  forth  in  a  flood  which  spread  over  the  earth 
and  extinguished  the  flre.  The  sun-god  was  now  conquered,  and 
he  appeared  before  a  council  of  the  gods  to  await  sentence.  In 
that  long  council  were  established  the  days  and  the  nights,  the 
seasons  and  the  years,  with  the  length  thereof,  and  the  sun  was 
condemned  to  travel  across  the  firmament  by  the  same  trail  day 
after  day  till  the  end  of  time. 

In  this*  same  philosophy  we  learn  that  in  that  ancient  time  a 
council  of  the  gods  was  held  to  consider  the  propriety  of  making 
a  moon,  and  at  last  the  task  was  given  to  Whippoorwill,  a  god  of 
the  night,  and  a  frog  yielded  himself  a  willing  sacrifice  for  this 
purpose,  and  the  Whippoorwill,  by  incantations,  and  other  magi- 
cal means,  transformed  the  frog  into  the  new  moon.  The  truth  of 
this  origin  of  the  moon  is  made  evident  to  our  very  senses ;  for  do 
we  not  see  the  frog  riding  the  moon  at  night,  and  the  moon  is  cold, 
because  the  frog  from  which  it  was  made  was  cold  ? 

The  philosopher  of  Oraibi  tells  us  that  when  the  people  ascended 
by  means  of  the  magical  tree  which  constituted  the  ladder  from  the 
lower  world  to  this,  they  found  the  firmament,  the  ceiling  of  this 
world,  low  down  upon  the  earth — the  floor  of  this  world.  Mach- 
ito,  one  of  their  gods,  raised  the  firmament  on  his  shoulders  to 
where  it  is  now  seen.  Still  the  world  was  dark,  as  there  was  no 
sun,  no  moon,  and  no  stars.  So  the  people  murmured  because  of 
the  darkness  and  the  cold.  Machito  said,  ^^  Bring  me  seven  maid- 
ens," and  they  brought  him  seven  maidens ;  and  he  said,  *'  Bring 
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me  seven  baskets  of  cotton-bolls,"  and  they  brought  him  seven 
baskets  of  eotton-bolla;  and  he  taught  the  seven  maidens  to 
weave  a  magical  fabric  from  the  cotton,  and  when  they  had  finished 
it  he  held  it  aloft,  and  the  breeze  carried  it  away  toward  the  firma- 
ment, and  in  the  twinkling  of  an  eye  it  was  transformed  into  a 
beautiful  full-orbed  moon,  and  the  same  breeze  caught  the  rem- 
nants of  flocculent  cotton  which  the  maidens  had  scattered  during 
their  work,  and  carried  them  aloft,  and  they  were  transformed 
into  bright  stars.  But  still  it  was  cold  and  the  people  murmured 
again,  and  Machito  said,  "  Bring  me  seven  buffalo-robes,"  and 
they  brought  him  seven  buffalo-robes,  and  from  the  densely  matted 
hair  of  the  robes  he  wove  another  wonderful  fabric,  which  the 
storm  carried  away  into  the  sky,  and  it  was  transformed  into  the 
full-orbed  sun.  Then  Machito  appointed  times  and  seasons,  and 
ways  for  the  heavenly  bodies,  and  the  gods  of  the  firmament  have 
obeyed  the  injunctions  of  Machito  from  the  day  of  their  creation 
to  the  present. 

The  Norse  philosopher  tells  us  that  Night  and  Day,  each,  has  a 
horse  and  a  car,  and  they  drive  successively  one  after  the  other 
around  the  world  in  twenty-four  hours.  Night  rides  first  with  her 
steed  named  Dew-hair,  and  every  morning  as  he  ends  his  course 
he  bedews  the  earth  with  foam  from  his  bit.  The  steed  driven  by 
Day  is  Shining-hair.  All  the  sky  and  earth  glisten  with  the  light 
of  his  mane.  Jarnved,  the  great  iron-wood  forest  lying  to  the 
east  of  Midgard,  is  the  abode  of  a  race  of  witches.  One  monster 
witch  is  the  mother  of  many  sgns.  in  the  form  of  wolves,  two  of 
which  are  Skol  and  Hate.  Skol  is  the  wolf  that  would  devour 
the  maiden  Sun,  and  she  daily  flies  from  the  maw  of  the  terrible 
beast,  and  the  moon-man  flieS  from  the  wolf  Hate. 

The  philosopher  of  Samos  tells  us  that  the  earth  is  surrounded 
by  hollow  crystalline  spheres  set  one  within  another,  and  all 
revolving  at  different  rates  from  east  to  west  about  the  earth,  and 
that  the  sun  is  set  in  one  of  these  spheres  and  the  moon  in 
another. 

The  philosopher  of  civilization  tells  us  that  the  sun  is  an  incan- 
descent globe,  one  of  the  millions  afloat  in  space.  About  this 
globe  the  planets  revolve,  and  the  sun  and  planets  and  moons  were 
formed  from  nebulous  matter  by  the  gradual  segregation  of  their 
particles  controlled  by  the  laws  of  gravity,  motion  and  afiSnity. 

The  sun,  travelling  by  an  appointed  way  across  the  heavens  with 
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the  never-ending  succession  of  day  and  night,  and  the  ever-reenr- 
ring  train  of  seasons,  is  one  of  the  subjects  of  every  philosophy. 
Among  all  peoples,  in  all  times,  there  is  an  explanation  of  these 
phenomena,  but  in  the  lowest  stage,  way  down  in  savagery,  bow 
few  the  facts  discerned,  how  vague  the  discriminations  made,  how 
superficial  the  resemblances  by  which  the  phenomena  are  classified ! 
In  this  stage  of  culture,  all  the  daily  and  monthly  and  yearly  phe- 
nomena which  come  as  the  direct  result  of  the  movements  of  the 
heavenly  bodies  are  interpreted  as  the  doings  of  some  one — some 
god  acts.  In  civilization  the  philosopher  presents  us  the  scienoe 
of  astronomy  with  all  its  accumulated  facts  of  magnitude,  and 
weights,  and  orbits,  and  distances,  and  velocities —  with  all  the 
nice  discriminations  of  absolute,  relative,  and  apparent  motions ; 
and  all  these  facts  he  is  endeavoring  to  classify  in  homologic  cate- 
gories, and  the  evolutions  and  revolutions  of  the  heavenly  bodies 
are  explained  as  an  orderly  succession  of  events. 

Bain. — The  Shoshoni  philosopher  believes  the  domed  firmament 
to  be  ice,  and  surely  it  is  the  very  color  of  ice,  and  he  believes 
further  that  a  monster  serpent-god  coils  his  huge  back  to  the  fir- 
mament and  with  his  scales  abrades  its  face  and  causes  the  ice-dust 
to  fall  upon  the  earth.  In  the  winter-time  it  falls  as  snow,  but  in 
the  summer-time  it  melts  and  falls  as  rain,  and  the  Shoshoni  phil- 
osopher actually  sees  the  serpent  of  the  storm  in  the  rainbow  of 
many  colors. 

The  Oraibi  philosopher  who  lives  in  a  pueblo  is  acquainted  with 
architecture,  and  so  his  world  is  seven-storied.  There  is  a  world 
below  and  five  worlds  above  this  one.  Muingwa,  the  rain-god  who 
lives  in  the  world  immediately  above,  dips  his  great  brush  made  of 
feathers  of  the  birds  of  the  heavens  into  the  lakes  of  the  skies  and 
sprinkles  the  earth  with  refreshing  rain  for  the  irrigation  of  the 
crops  tilled  by  these  curious  Indians  who  live  on  the  cliffs  of  Ari- 
zona. In  winter,  Muingwa  crushes  the  ice  of  the  lakes  of  the 
heavens  and  scatters  it  over  the  earth,  and  we  have  a  snow-fall. 

The  Hindoo  philosopher  says  that  the  lightning-bearded  Indra 
breaks  the  vessels  that  hold  the  waters  of  the  skies  with  his 
thunder-bolts,  and  the  rains  descend  to  irrigate  the  earth. 

The  philosopher  of  civilization  expounds  to  us  the  methods  by 
whicl;  the  waters  are  evaporated  from  the  land  and  the  surface  of 
the  sea,  and  carried  away  by  the  winds,  and  gathered  into  clouds 
to  be  discharged  again  upon  the  earth,  keeping  up  for  ever  that 
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wonderful  circulation  of  water  from  the  heavens  to  the  earth 
and  from  the  earth  to  the  heavens — that  orderly  succession  of 
events  in  which  the  waters  travel  by  river,  by  sea,  and  by  cloud. 

Rainbow. — In  Shoshoni,  the  rainbow  is  a  beautiful  serpent  that 
abrades  the  firmament  of  ice  to  give  us  snow  and  rain.  In  Norse, 
the  rainbow  is  the  bridge  Bifrost  spanning  the  space  between 
heaven  and  earth.  In  the  Iliad,  the  rainbow  is  the  goddess  Iris, 
the  messenger  of  the  King  of  Olympus.  In  Hebrew,  the  rainbow 
is  the  witness  to  a  covenant.  In  science,  the  rainbow  is  an  analy- 
sis of  white  light  into  its  constituent  colors  by  the  refraction  of 
raindrops. 

Falling  Stars. — In  Ute,  falling  stars  are  the  excrements  of  dirty 
little  star-gods.  In  science — well,  I  do  not  know  what  falling  stars 
are  in  science.  I  think  they  are  cinders  from  the  furnace  where 
the  worlds  are  forged.  You  may  call  this  mythologic  or  scientific, 
as  you  please. 

Migration  of  Birds. — The  Algonkian  philosopher  explains  the 
migration  of  birds  by  relating  the  myth  of  the  combat  between  Ka- 
bi-bo-no-ke  and  Shingapis,  the  prototype  or  progenitor  of  the 
water-hen,  one  of  their  animal  gods.  A  fierce  battle  raged  be- 
tween Ka-bi-bo-no-ke  and  Shingapis,  but  the  latter  could  not  be 
conquered.  All  the  birds  were  driven  from  the  land  but  Shingapis  ; 
and  then  was  it  established  that  whenever  in  the  future  Winter- 
maker  should  come  with  hid  cold  winds,  fierce  snows,  and  frozen 
waters,  all  the  birds  should  leave  for  the  south  except  Shingapis 
and  his  friends.  So  the  birds  that  spend  their  winters  north  are 
called  by  the  Algonkian  philosophers  "  the  friends  of  Shingapis." 

In  contrast  to  this  explanation  of  the  flight  of  birds  may  be 
placed  the  explanation  of  the  modern  evolutionist,  who  says  that 
the  birds  migrate  in  quest  of  abundance  of  food  and  a  genial 
climate,  guided  by  an  instinct  of  migration,  which,  is  an  accumu- 
lation of  inherited  memories. 

Diversity  of  Langitages. — The  Kaibabit  philosopher  accounts 
for  the  diversity  of  languages  in  this  manner :  Si^chom-pa  Ma-so- 
its,  the  grandmother  goddess  of  the  sea,  brought  up  mankind  from 
beneath  the  waves  in  a  sack,  which  she  delivered  to  the  Shi-nau-av 
brothers,  the  great  wolf-gods  of  his  mythology,  and  told  them  to 
carry  it  from  the  shores  of  the  sea  to  the  Kaibab  Plateau,  and 
then  to  open  it ;  but  they  were  by  no  means  to  open  the  package 
ere  their  arrival,  lest  some  great  disaster  should  befall.    The  curl- 
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osity  of  the  younger  Shi-nau-av  overcame  him,  and  he  untied  the 
sack,  and  the  people  swarmed  out ;  but  the  elder  Shi-nau-av,  the 
wiser  god,  ran  back  and  closed  the  sack  while  yet  not  all  the  peo- 
ple had  escaped,  and  they  carried  the  sack,  with  its  remaining 
contents,  to  the  plateau,  and  there  opened  it.  Those  that  remained 
in  the  sack  found  a  beautiful  land — a  great  plateau  covered  with 
mighty  forests,  through  which  elk,  deer,  and  antelope  roamed  in 
abundance,  and  many  mountain-sheep  were  found  on  the  border- 
ing crags ;  pive^  the  nuts  of  the  edible  pine,  they  found  on  the 
foot-hills,  and  use^  the  fruit  of  the  yucca,  in  sunny  glades — and 
nant  the  meschoU  crowns,  for  their  feasts — and  chuar,  the  cactus- 
apple,  from  which  to  make  their  wine ;  reeds  grew  about  the  lakes 
for  their  arrow-shafts ;  the  rocks  were  full  of  flints  for  their  barbs 
and  knives,  and  away  down  in  the  canon  they  found  a  pipe-stone 
quarry,  and  on  the  hills  they  found  arraumpivey  their  tobacco. 
Oh,  it  was  a  beautiful  land  that  was  given  to  these,  the  favorites 
of  the  gods !  The  descendants  of  these  people  are  the  present 
Kaibabits  of  northern  Arizona.  Those  who  escaped  by  the  way, 
through  the  wicked  curiosity  of  the  younger  Shi-nau-av,  scattered 
over  the  country  and  became  Nav^os,  Moquis,  Sioux,  Comanches, 
Spaniards,  Americans — poor,  sorry  fragments  of  people  without 
the  original  language  of  the  gods,  and  only  able  to  talk  in  imper- 
fect jargons. 

The  Hebrew  philosopher  tells  us  that  on  the  plains  of  Shinar 
the  people  of  the  world  were  gathered  to  build  a  city  and  erect  a 
tower,  the  summit  of  which  should  reach  above  the  waves  of  any 
flood  Jehovah  might  send.  But  their  tongues  were  confused  as  a 
punishment  for  their  impiety. 

The  philosopher  of  science  tells  us  that  mankind  was  widely 
scattered  over  the  earth  anterior  to  the  development  of  articulate 
speech,  that  the  languages  of  which  we  are  cognizant  sprang  from 
innumerable  centres  as  each  little  tribe  developed  its  own  lan- 
guage, and  that  in  the  study  of  any  language  an  orderly  succes- 
sion of  events  may  be  discovered  in  its  evolution  from  a  few 
simple  holophrastic  locutions  to  a  complex  language  with  a 
multiplicity  of  words  and  an  elaborate  grammatic  structure,  by 
the  differentiation  of  the  parts  of  speech  and  the  integration 
of  the  sentence. 

A  Cough. — A  man  coughs.  In  explanation  the  Ute  philosopher 
would  tell  us  that  an  unupUs — a  pygmy  spirit  of  evil — had  en- 
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tered  the  poor  man*s  stomach,  and  he  would  charge  the  invalid 
with  having  whistled  at  night ;  for  in  their  philosophy  it  is  taught 
that  if  a  man  whistles  at  night,  when  the  pygmy  spirits  are 
abroad,  one  is  sure  to  go  through  the  open  door  into  the  stomach, 
and  the  evidence  of  this  disaster  is  found  in  the  cough  which  the 
unupits  causes.  Then  the  evil  spirit  must  be  driven  out,  and  the 
medicine-man  stretches  his  patient  on  the  ground  and  scarifies 
him  with  the  claws  of  eagles  from  head  to  heel,  and  while  per- 
forming the  scarification  a  group  of  men  and  women  stand  about, 
forming  a  chorus,  and  medicine-man  and  chorus  perform  a  fugue 
in  gloomy  ululation,  for  these  wicked  spirits  will  depart  only  by 
incantations  and  scarifications. 

In  our  folk-lore  philosophy  a  cough  is  caused  by  a  "cold," 
whatever  that  may  be — a  vague  entity — that  must  be  treated  first 
according  to  the  maxim  "  Feed  a  cold  and  starve  a  fever,"  and  the 
"  cold"  is  driven  away  by  potations  of  bitter  teas. 

In  our  medical  philosophy  a  cough  may  be  the  result  of  a  clog- 
ging of  the  pores  of  the  skin,  and  is  relieved  by  clearing  those 
flues  that  carry  away  the  waste  products  of  vital  combustion. 

These  illustrations  are  perhaps  sufficient  to  exhibit  the  principal 
characteristics  of  the  two  methods  of  philosophy,  and,  though 
they  cover  but  narrow  fields,  it  should  be  remembered  that  every 
philosophy  deals  with  the  whole  cosmos.  An  explanation  of  all 
things  is  sought — not  alone  the  great  movements  of  the  heavens, 
or  the  phenomena  that  startle  even  the  unthinking,  but  every  par- 
ticular which  is  observed.  Abstractly,  the  plane  of  demarcation 
between  the  two  methods  of  philosophy  can  be  sharply  drawn,  but 
practically  we  find  them  strangely  mixed;  mythologic  methods 
prevail  in  savagery  and  barbarism,  and  scientific  methods  prevail 
in  civilization.  Mythologic  philosophies  antedate  scientific  phil- 
osophies. The  thaumaturgic  phases  of  mythology  are  the  embry- 
onic stages  of  philosophy,  science  being  the  fully  developed  form. 
Without  mythology  there  could  be  no  science,  as  without  child- 
hood there  could  be  no  manhood,  or  without  embryonic  conditions 
there  could  be  no  ultimate  forms. 

in. — ^Mttholooio  Philosophy  has  Four  Stages. 

Mythologic  philosophy  is  the  subject  with  which  we  deal.  Its 
method,  as  stated  in  general  terms,  is  this :  All  phenomena  of  the 
outer  objective  world  are  interpreted  by  comparison  with  those  of 
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the  inner  subjective  world.  Whatever  happens,  some  one  does 
it — that  some  one  has  a  will  and  works  as  he  wills.  The  basis  of 
the  philosophy  is  personality.  The  persons  who  do  the  things 
which  we  obser^'e  in  the  phenomena  of  the  universe  are  the  gods 
of  mythology — the  cosmos  is  a  pantheon.  Under  this  system, 
whatever  may  be  the  phenomenon  observed,  the  philosopher  asks, 
"Who  does  it?"  and  "Why?"  and  the  answer  comes,  "A  god 
with  his  design."  The  winds  blow,  and  the  interrogatory  is  an- 
swered, "  ^olus  frees  them  from  the  cave  to  speed  the  ship  of  a 
friend,  or  destroy  the  vessel  of  a  foe."  The  actors  in  mythologic 
philosophy  are  gods. 

In  the  chf^racter  of  these  gods  four  stages  of  philosophy  may  be 
discovered.  In  the  lowest  and  earliest  stage  everything  has  life, 
everything  is  endowed  with  personality,  will,  and  design :  animals 
are  endowed  with  all  the  wonderful  attributes  of  mankind;  all 
inanimate  objects  are  believed  to  be  animate;  trees  think  and 
speak ;  stones  have  loves  and  hates ;  hills  and  mountains,  springs 
and  rivers,  and  all  the  bright  stars,  have  life— everything  discov- 
ered objectively  by  the  senses  is  looked  upon  subjectively  by  the 
philosopher  and  endowed  with  all  the  attributes  supposed  to  be 
inherent  in  himself.  In  this  stage  of  philosophy  everything  is  a 
god.    Let  us  call  it  hecastotheism. 

In  the  second  stage  men  no  longer  attribute  life  indiscriminately 
to  inanimate  things;  but  the  same  powers  and  attributes  recog- 
nized by  subjective  vision  in  man  are  attributed  to  the  animals  by 
which  he  is  surrounded.  No  line  of  demarcation  is  drawn  be- 
tween man  and  beast;  all  are  great  beings  endowed  with  won- 
derful attributes.  Let  us  call  this  stage  zootheism^  when  men 
worship  beasts.  All  the  phenomena  of  nature  are  the  doings  of 
these  animal  gods,  all  the  facts  of  nature,  all  the  phenomena  of 
the  known  universe,  all  the  institutions  of  humanity  known  to  the 
philosophers  of  this  stage,  are  accounted  for  in  the  mythologic 
history  of  these  zoomorphic  gods. 

In  the  third  stage  a  wide  gulf  is  placed  between  man  and  the 
lower  animals.  The  animal  gods  are  dethroned,  and  the  powers 
and  phenomena  of  nature  are  personified  and  deified.  Let  us  call 
this  stage  physitheism.  The  gods  are  strictly  anthropomorphic, 
having  the  form  as  well  as  the  mental,  moral,  and  social  attributes 
of  men.  Thus  we  have  a  god  of  the  sun,  a  god  of  the  moon,  a 
god  of  the  air,  a  god  of  dawn,  and  a  deity  of  the  night. 
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In  the  fourth  stage,  mental,  moral,  and  social  characteristics  are 
personified  and  deified.  Thus  we  have  a  god  of  war,  a  god  of 
love,  a  god  of  revelry,  a  god  of  plenty,  and  like  personages  who 
preside  over  the  institutions  and  occupations  of  mankind.  Let  us 
call  this  psychotheism.  With  the  mental,  moral,  and  social  char- 
acteristics in  these  gods  are  associated  the  powers  of  nature ;  and 
they  difier  from  pature-gods  chiefly  in  that  they  have  more  distinct 
psychic  characteristics. 

Psychotheism,  by  the  processes  of  mental  integration,  develops 
in  one  direction  into  monotheism,  and  in  the  other  into  pantheism. 
When  the  powers  of  nature  are  held  predominant  in  the  minds  of 
the  philosophers  through  whose  cogitations  this  evolution  of  the- 
ism is  carried  on,  pantheism,  as  the  highest  form  of  psychotheism, 
is  the  final  result ;  but  when  the*  moral  qualities  are  held  in  high- 
est regard  in  the  minds  of  the  men  in  whom  this  process  of  evolu- 
tion is  carried  on,  monotheism^  or  a  god  whose  essential  character- 
istics are  moral  qualities,  is  the  final  product.  The  monotheistic 
god  is  not  nature,  but  presides  over  and  operates  through  nature. 
Psychotheism  has  long  been  recognized.  All  of  the  earlier  liter- 
ature of  mankind  treats  largely  of  these  gods,  for  it  is  an  inter- 
esting fact  that  in  the  history  of  any  civilized  people,  the  evolution 
of  psychotheism  is  approximately  synchronous  with  the  invention 
of  an  alphabet.  In  the  earliest  writings  of  thfe  Egyptians,  the 
Hindoos,  and  the  Greeks,  this  stage  is  discovered,  and  Osiris, 
Indra,  and  Zeus  are  characteristic  representatives.  As  psycho- 
theism and  written  language  appear  together  in  the  evolution  of 
culture,  this  stage  of  theism  is  consciously  or  unconsciously  a 
part  of  the  theme  of  all  written  history. 

The  paleontologist,  in  studying  the  rocks  of  the  hill  and  the 
clifis  of  the  mountain,  discovers,  in  inanimate  stones,  the  life- 
forms  of  the  ancient  earth.  The  geologist,  in  the  study  of  the 
structure  of  valleys  and  mountains,  discovers  groups  of  facts  that 
lead  him  to  a  knowledge  of  more  ancient  mountains  and  valleys 
and  seas,  of  geographic  features  long  ago  buried,  and  followed  by 
a  new  land  with  new  mountains  and  valleys,  and  new  seas.  The 
philologist,  in  studying  the  earliest  writings  of  a  people,  not  only 
discovers  the  thoughts  purposely  recorded  in  those  writings,  but 
is  able  to  go  back  in  the  history  of  the  people  many  generations, 
and  discover  with  even  greater  certainty  the  thoughts  of  the  more 
ancient  people  who  made  the  words.    Thus  the  writings  of  the 
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Greeks,  the  Hindoos,  and  the  Egyptians,  that  give  an  account  of 
their  psychic  gods,  also  contain  a  description  of  an  earlier  theism 
unconsciously  recorded  by  the  writers  themselves.  Psychotheism 
prevailed  when  the  sentences  were  coined,  phy  si  theism  when  the 
words  were  coined.  So  the  philologist  discovers  physitheism  in 
all  ancient  literature.  But  the  verity  of  that  stage  of  philosophy 
does  not  rest  alone  upon  the  evidence  derived  from  the  study  of 
fossil  philosophies  through  the  science  of  philology.  In  the  folk- 
lore of  every  civilized  people  having  a  psychotheic  philosophy, 
an  earlier  philosophy  with  nature-gods  is  discovered. 

The  different  stages  of  philosophy  which  I  have  attempted  to 
characterize  have  never  been  found  in  purity.  We  always  observe 
different  methods  of  explanation  existing  side  by  side,  and  the 
type  of  a  philosophy  is  determined  by  the  prevailing  character- 
istics of  its  explanation  of  phenomena.  Fragments  of  the  earlier 
are  always  found  side  by  side  with  the  greater  body  of  the  later  * 
philosophy.  Man  has  never  clothed  himself  in  new  garments  of 
wisdom,  but  has  ever  been  patching  the  old,  and  the  old  and  the 
new  are  blended  in  the  same  pattern,  and  thus  we  have  atavism 
in  philosophy.  So  in  the  study  of  any  philosophy  which  has 
reached  the  psychotheic  age,  patches  of  the  earlier  philosophy  are 
always  seen.  Ancient  nature-gods  are  found  to  be  living  and  as- 
sociating with  tlte  supreme  psychic  deities.  Thus  in  anthropo- 
logic science  there  are  three  ways  by  which  to  go  back  in  the 
history  of  any  civilized  people  and  learn  of  its  barbaric  physi- 
theism. But  of  the  verity  of  this  stage  we  have  further  evidence. 
When  Christianity  was  carried  north  from  central  Europe,  the 
champions  of  the  new  philosophy,  and  its  consequent  religion, 
discovered,  among  those  who  dwelt  by  the  glaciers  of  the  north, 
a  barbaric  philosophy  which  they  have  preserved  to  history  in  the 
Eddas  and  Sagas,  and  Norse  literature  is  full  of  a  philosophy  in 
a  transition  state,  from  physitheism  to  psychotheism  ;  and,  mark ! 
the  people  discovered  in  this  transition  state  were  inventing  an 
alphabet — they  were  carving  Runes.  Then  a  pure  physitheism 
was  discovered  in  the  Aztec  barbarism  of  Mexico,  and  elsewhere 
on  the  globe  many  people  were  found  in  that  stage  of  culture  to 
which  this  philosophy  properly  belongs.  Thus  the  existence  of 
physitheism  as  a  stage  of  philosophy  is  abundantly  attested. 
Comparative  mythologists  are  agreed  in  recognising  these  two 
stages.    They  might  not  agree  to  throw  all  of  the  higher  and 
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later  philosophies  into  one  group,  as  I  have  done,  but  all  recog- 
nize the  plane  of  demarcation'  between  the  higher  and  the  lower 
groups  as  I  have  drawn  wit.  Scholars,  too,  have  come  essentially 
to  an  agreement  that  wysitheism  is  earlier  and  older  than  psy- 
chotheism.  Perhaps  thire  may  be  left  a  ^^  doubting  Thomas"  who 
believes  that  the  highest  stage  of  psychotheism — that  is,  mono- 
theism— was  the  original  basis  for  the  philosophy  of  the  world, 
and  that  all  other  forms  are  degeneracies  from  that  primitive  and 
perfect  state.  If  there  be  such  a  man  left,  to  him  what  I  have  to 
say  about  philosophy  is  blasphemy. 

Again,  all  students  of  comparative  philosophy,  or  comparative 
mythology,  or  comparative  religion,  as  you  may  please  to  approach 
this  subject  iVom  different  points  of  view,  recognize  that  there  is 
something  else;  that  there  are  philosophies,  or  mythologies,  or 
religions,  not  included  in  the  two  great  groups.  All  that  some- 
thing else  has  been  vaguely  called  fetichism.  I  have  divided  it  into 
two  parts,  hecastotkeism  and  zootheism.  The  verity  of  zootheism 
as  a  stage  of  philosophy  rests  on  abundant  evidence.  In  psycho- 
theism  it  appears  as  deviliam  in  obedience  to  a  well-known  law  of 
comparative  theology,  viz.,  that  the  gods  of  a  lower  and  super- 
seded stage  of  culture  oftentimes  become  the  devils  of  a  higher 
stage.  So  in  the  very  highest  stages  of  psychotheism  we  find 
beast-devils.  In  Norse  mythology,  we  have  .Fenris  the  wolf,  and 
Jormungandur  the  serpent.  Dragons  appear  in  Greek  mythology, 
the  bull  is  an  Egyptian  god,  a  serpent  is  found  in  the  Zendavesta ; 
and  was  there  not  a  scaly  fellow  in  the  garden  of  Eden  ?  So  com- 
mon are  these  beast-demons  in  the  higher  mythologies  that  they 
are  used  in  every  literature  as  rhetorical  figures.  So  we  find,  as 
a  figure  of  speech,  the  great  red  dragon  with  seven  heads  and  ten 
horns,  with  tail  that  with  one  brush  sweeps  away  a  third  of  the 
stars  of  heaven.  And  wherever  we  find  nature- worship  we  find 
it  accompanied  with  beast-worship.  In  the  study  of  higher  phil- 
osophies, having  learned  that  lower  philosophies  often  exist  side 
by  side  with  them,  we  might  legitimately  conclude  that  a  phil- 
osophy based  upon  animal  gods  had  existed  previous  to  the  de- 
velopment of  physitheism ;  and  philologic  research  leads  to  the 
same  conclusion.  But  we  are  not  left  to  base  this  conclusion 
upon  an  induction  only,  for  in  the  examination  of  savage  phil- 
osophies we  actually  discover  zootheism  in  all  its  proportions. 
Many  of  the  Indians  of  North   America,  and  many  of  South 
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America,  and  many  of  the  tribes  of  Africa,  are  found  to  be  zoo- 
tUeists.  Their  supreme  gods  are  'animals — tigers,  bears,  wolves, 
serpents,  birds.  Having  discovered  this,  with  a  vast  accumula- 
tion of  evidence,  we  are  enabled  to  carry  philosophy  back  one 
stage  beyond  physitheism,  and  we  can  confidently  assert  that  all 
the  philosophies  of  eivilization  haVe  come  up  through  these  three 
stages. 

And  yet,  there  are  fragments  of  philosophy  discovered  which 
are  not  zootheistic,  physitheistic,  nor  psychotheistic.  What  are 
they  ?  We  find  running  through  all  three  stages  of  higher  phil- 
osophy that  phenomena  are  sometimes  explained  by  regarding 
them  as  the  acts  of  persons  who  do  not  belong  to  any  of  the 
classes  of  gods  found  in  the  higher  stages.  We  find  fragments 
of  philosophy  everywhere  which  seem  to  assume  that  all  inani- 
mate nature  is  animate :  that  mountains  and  hills,  and  rivers  and 
springs,  that  trees  and  grasses,  that  stones,  and  all  fragments  of 
things  are  endowed  with  life  and  with  will,  and  act  for  a  purpose. 
These  fragments  of  philosophy  lead  to  the  discovery  of  hecasto- 
theism.  Philology  also  leads  us  back  to  that  state  when  the  ani- 
mate and  the  inanimate  were  confounded,  for  the  holophrastic 
roots  into  which  words  are  finally  resolved  show  us  that  all  inani- 
mate things  were  represented  in  language  as  actors.  Such  is  the 
evidence  on  which  we  predicate  the  existence  of  hecastotheism  as 
a  veritable  stage  of  philosophy.  Unlike  the  three  higher  stages, 
it  has  no  people  extant  on  the  face  of  the  globe,  known  to  be  in 
this  stage  of  culture.  The  philosophies  of  many  of  the  lowest 
tribes  of  mankind  are  yet  unknown,  and  hecastotheism  may  be 
discovered ;  but  at  the  present  time  we  are  not  wan*anted  in  say- 
ing that  any  tribe  entertains  this  philosophy  as  its  highest  wis- 
dom. 

IV.    Outgrowths  from  Mythologic  Philosopht. 

The  three  stages  of  mythologic  philosophy  that  are  still  extant 
in  the  world  must  be  more  thoroughly  characterized,  and  the 
course  of  their  evolution  indicated.  But  in  order  to  do  this 
clearly,  certain  outgrowths  from  mythologic  philosophy  must  be 
explained,  certain  theories  and  practices  that  necessarily  result 
from  this  philosophy^  and  that  are  intricately  woven  into  the  in- 
stitutions of  mankind. 

Andentism. —  The  first  I  denominate  ancientism.     Yesterday 
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was  better  than  to-day.  The  ancients  were  wiser  than  we.  This 
belief  in  a  better  day  and  a  better  people  in  the  elder  time  is  al- 
most universal  among  mankind.  A  belief  so  widely  spread,  so 
profoundly  entertained,  must  have  for  its  origin  some  important 
facts  in  the  constitution  or  history  of  mankind.  Let  us  see  what 
they  are. 

In  the  history  of  every  individual,  the  sports  and  joys  of  child- 
hood are  compared  and  contrasted  with  the  toils  and  pains  of  old 
age.  Greatly  protracted  life,  in  savagery  and  barbarism,  is  not  a 
boon  to  be  craved.  In  that  stage  of  society  where  the  days  and 
the  years  go  by  with  little  or  no  provision  for  a  time  other  than 
that  which  is  passing,  the  old  must  go  down  to  the  grave  through 
poverty  and  suffering.  In  that  stage  of  culture  to-morrow's  bread 
is  not  certain,  and  to-day's  bread  is  often  scarce.  In  civilization, 
plenty  and  poverty  live  side  by  side ;  the  palace  and  the  hovel  are 
on  the  same  landscape ;  the  rich  and  poor  elbow  each  other  on  the 
s^me  street:  but,  in  savagery,  plenty  and  poverty  come  with 
recurring  days  to  the  same  man,  and  the  tribe  is  rich  to-day  and 
poor  to-morrow,  and  the  days  of  want  come  in  every  man's  history ; 
and  when  they  come  the  old  suffer  most,  and  the  burden  of  old 
age  is  oppressive.  In  youth,  activity  is  joy ;  in  old  age,  activity 
is  pain.  No  wonder,  then,  that  old  age  loves  youth,  or  that  to-day 
loves  yesterday,  for  the  instinct  is  bom  of  the  inherited  experi- 
ences of  mankind. 

But  there  is  yet  another  and  more  potent  reason  for  ancientism. 
That  tale  is  the  most  wonderful  that  has  been  most  repeated,  for 
the  breath  of  speech  is  the  fertilizer  of  story.  Hence,  the  older 
the  story,  the  greater  its  thaumaturgics.  Thus,  yesterday  is 
greater  than  to-day  by  natural  processes  of  human  exaggeration. 
Again,  that  is  held  to  be  most  certain,  and  hence  most  sacred, 
which  has  been  most  often  affirmed.  A  Brahman  was  carrying  a 
goat  to  the  altar.  Three  thieves  would  steal  it.  So  they  placed 
themselves  at  intervals  along  the  way  by  which  the  pious  Brahman 
would  travel.  When  the  venerable  man  came  to  the  first  thief  he 
was  accosted:  '^ Brahman,  why  do  you  carry  a  dog?"  Now,  a 
dog  is  an  unclean  beast  which  no  Brahman  must  touch.  And  the 
Brahman,  after  looking  at  his  goat,  said :  ^^  You  do  err ;  this  is  a 
goat."  And  when  the  old  man  reached  the  second  thief,  again  he 
was  accosted:  "Brahman,  why  do  you  carry  a  dog?"  So  the 
Brahman  put  his  goat  on  the  ground,  and  after  narrowly  scrutiniz- 
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ing  it,  he  said,  "Surely  this  is  a  goat,"  and  went  on  his  way. 
When  he  came  to  the  third  thief  he  was  once  more  accosted: 
"Brahman,  why  do  you  carry  a  dog?"  Then  the  Brahman  having 
thrice  heard  that  his  goat  was  a  dog,  was  convinced,  and  throwing 
it  down,  he  fled  to  the  temple  for  ablution,  and  the  thieves  had  a 
feast. 

The  child  learns  not  for  himself,  but  is  taught,  and  accepts  as 
true  that  which  is  told,  and  a  propensity  to  believe  the  affirmed  is 
implanted  in  his  mind.  In  every  society  some  are  wise  and  some 
are  foolish,  and  the  wise  are  revered,  and  their  affirmations  are 
accepted.  Thus,  the  few  lead  the  multitude  in  knowledge,  and 
the  propensity  to  believe  the  affirmed  started  in  childhood  is  in- 
creased in  manhood  in  the  great  average  of  persons  constituting 
society,  /ind  these  propensities  are  inherited  from  generation  to 
generation,  until  we  have  a  cumulation  of  effects. 

The  propagation  of  opinions  by  affirmation,  the  cultivation  of 
the  propensity  to  believe  that  which  has  been  affirmed  many  times, 
let  us  call  affirmatization.  If  the  world's  opinions  were  governed 
only  by  the  principles  of  mj'thologic  philosophy,  aflirmatization 
would  become  so  powerful  that  nothing  would  be  believed  but  the 
anciently  affirmed.  Men  wonld  come  to  no  new  knowledge.  So- 
ciety would  stand  still  listening  to  the  wisdom  of  the  fathers.  But 
the'power  of  affirmatization  is  steadily  undermined  by  science. 

And,  still  again,  the  institutions  of  society  conform  to  its  phil- 
osophy. The  explanation  of  things  always  includes  the  origin  of 
human  institutions.  So  the  welfare  of  society  is  based  on  phil- 
osophy, and  the  venerable  sayings  which  constitute  philosophy 
are  thus  held  as  sacred.  So  ancientism  is  developed  from  accu- 
mulated life-experiences;  by  the  growth  of  story  in  repeated 
narration;  by  the  steadily  increasing  power  of  affirmatization, 
and  by  respect  for  the  authority  upon  which  the  institutions  of 
society  are  based  ;  all  accumulating  as  they  come  down  the  genera- 
tions. That  we  do  thus  inherit  effects  we  know,  for  has  it  not 
been  affirmed  in  the  Book  that  "the  fathers  have  eaten  grapes, 
and  the  children's  teeth  are  set  on  edge"?  As  men  come  to 
believe  that  the  "long  ago"  was  better  than  the  "now,"  and  the 
dead  were  better  than  the  living,  then  philosophy  must  necessarily 
include  a  theory  of  degeneracy,  which  is  a  part  of  ancientism. 

Theistic  Society. —  Again,  the  actors  in  mythologic  philosophy 
are  personages,  and  we  always  find  them  organized  in  societies. 
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The  social  organization  of  mythology  is  always  found  to  be 
essentially  identical  with  the  social  organization  of  the  people  who 
entertain  the  philosophy.  The  gods  are  husbands  and  wives,  and 
parents  and  children,  and  the  gods  have  an  organized  government. 
This  gives  us  theistic  society,  and  we  can  not  properly  characterize 
a  theism  without  taking  it%  mythic  society  into  consideration. 

Spiritism. — In  the  earliest  stages  of  society  of  which  we  have 
practical  knowledge  by  acquaintance  with  the  people  themselves, 
a  belief  in  the  existence  of  spirits  prevails  —  a  shade,  an  imma- 
terial existence,  which  is  the  duplicate  of  the  material  personage. 
The  genesis  of  this  belief  is  complex.  The  workings  of  the 
human  mind  during  periods  of  unconsciousness  lead  to  opinions 
that  are  enforced  by  many  physical  phenomena. 

First,  we  have  the  activities  of  the  mind  during  sleep,  when  the 
man  seems  to  go  out  from  himself,  to  converse  with  his  friends,  to 
witness  strange  scenes,  and  to  have  many  wonderful  experiences. 
Thus  the  man  seems  to  have  lived  an  eventful  life,  when  his  body 
was,  in  fact,  quiescent  and  unconscious.  Memories  of  scenes  and 
activities  in  former  days,  and  the  inherited  memories  of  scenes 
witnessed  and  actions  performed  by  ancestors,  are  blended  in 
strange  confusion  by  broken  and  inverted  sequences.  Now  and 
then  the  dream-scenes  are  enacted  in  real  life,  and  the  infrequent 
coincidence  or  apparent  verification  makes  deep  impression  on  the 
mind,  while  unfulfilled  dreams  are  forgotten.  Thus  the  dreams  of 
sleepers  are  attributed  to  their  immaterial  duplicates — their 
spirits.  In  many  diseases,  also,  the  mind  seems  to  wander,  to  see 
sights,  and  to  hear  sounds,  and  to  have  many  wonderful  experi- 
ences, while  the  body  itself  is  apparently  unconscious.  Sometimes 
on  restored  health,  the  person  may  recall  these  wonderful  expe- 
riences, and  during  their  occurrence  the  subject  talks  to  unseen 
persons,  and  seems  to  have  replies  and  to  act,  to  those  who  wit- 
ness, in  such  a  manner  that  a  second  self — a  spirit  independent 
of  the  body — is  suggested.  When  disease  amounts  to  long- 
continued  insanity,  all  of  these  effects  are  greatly  exaggerated, 
and  make  a  deep  impression  upon  all  who  witness  the  phenomena. 
Thus  the  hallucinations  of  fever-racked  brains,  and  mad  minds, 
are  attributed  to  spirits. 

The  same  conditions  of  apparent  severance  of  mind  and  body 
witnessed  in  dreams  and  hallucinations  are  often  produced  arti- 
ficially in  the  practice  of  ecstoMsm.    In  the  vicissitudes  of  savage 
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life,  while  little  or  no  provision  is  made  for  the  future,  there  are 
times  when  the  savage  resorts  to  almost  anything  at  hand  as  a 
means  of  subsistence,  and  thus  all  plants  and  all  parts  of  plants, 
seed,  fruit,  flowers,  leaves,  bark,  roots — anything  in  times  of  ex- 
treme want — may  be  used  as  food.  But  experience  soon  teaches 
the  various  effects  upon  the  human  system  which  are  produced  by 
the  several  vegetable  substances  with  which  he  meets,  and  thus  the 
effect  of  narcotics  is  early  discovered,  and  the  savage  in  the  prac- 
tice of  his  religion  oftentimes  resorts  to  these  native  drugs  for  the 
purpose  of  producing  an  ecstatic  state  under  which  divination 
may  be  performed.  The  practice  of  ecstasism  is  universal  in  the 
lower  stages  of  culture.  In  times  of  great  anxiety,  every  savage 
and  barbarian  seeks  to  know  of  the  future.  Through  all  the  ear- 
lier generations  of  mankind,  ecstasism  has  been  practised,  and 
civilized  man  has  thus  an  inherited  appetite  for  narcotics  to  which 
the  enormous. propensity  to  drunkenness  existing  in  all  nations 
bears  witness.  When  the  great  actor  in  his  personation  of  Rip 
Van  Winkle  holds  his  goblet  aloft  and  says,  "Here's  to  your 
health  and  to  your  family's  and  may  they  live  long  and  prosper," 
he  connects  the  act  of  drinking  with  a  prayer,  and  unconsciously 
demonstrates  the  origin  of  the  use  of  stimulants.  It  may  be  that 
when  the  jolly  companion  has  become  a  loathsome  sot,  and  his 
mind  is  ablaze  with  the  fire  of  drink,  and  he  sees  uncouth  beasts 
in  horrid  presence,  that  inherited  memories  haunt  him  with  visions 
of  the  beast-gods  worshipped  by  his  ancestors  at  the  very  time 
when  the  appetite  for  stimulants  was  created.  But  ecstasism  is 
produced  in  other  ways,  and  for  this  purpose  the  savage  and  bar- 
barian often  resorts  to  fasting  and  bodily  torture.  In  many  ways 
he  produces  the  wonderful  state,  and  the  visions  of  ecstasy  are  in- 
terpreted as  the  evidence  of  spirits. 

Many  physical  phenomena  serve  to  confirm  this  opinion.  It  is 
very  late  in  philosophy  when  shadows  are  referred  to  the  inter- 
ception of  the  rays  of  the  sun.  In  savagery  and  barbarism,  shad- 
ows are  supposed  to  be  emanations  from  or  duplicates  of  the 
bodies  causing  the  shadows.  And  what  savage  understands  the 
reflection  of  the  rays  of  the  sun  by  which  images  are  produced  ? 
They  also  are  supposed  to  be  emanations  or  duplications  of  the 
object  reflected.  No  savage  or  barbarian  could  understand  that 
the  waves  of  the  air  are  turned  back  and  sound  is  duplicated  in 
an  echo.     He  knows  not  that  there  is  an  atmosphere,  and  to  him 
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the  echo  is  the  voice  of  an  unseen  personage — a  spirit.  There  is 
no  theory  more  profound!}^  implanted  in  early  mankind  than  that 
of  spiritism. 

Thaumaturgics. — The  gods  of  mythologic  philosophies  are  cre- 
ated to  account  for  the  wonders  of  nature.  Necessarily  they  are 
a  wonder-working  folk,  and  having  been  endowed  with  these  mag- 
ical powers  in  all  the  histories  given  in  mythic  tales  of  their 
doings  on  the  earth,  we  find  them  performing  most  wonderful 
feats.  They  can  transform  themselves ;  they  can  disappear  and 
reappear ;  all  their  senses  are  magical ;  some  are  endowed  with  a 
multiplicity  of  eyes,  others  have  a  multiplicity  of  ears ;  in  Norse 
mythology  the  watchman  on  the  rainbow  bridge  could  hear  the 
grass  grow  and  wool  on  the  backs  of  sheep;  arms  can  stretch 
out  to  grasp  the  distance,  tails  can  coil  about  mountains,  and  all 
powers  become  magical.  But  the  most  wonderful  power  with 
which  the  gods  are  endowed  is  the  power  of  will,  for  we  find  that 
they  can  think  their  arrows  to  the  hearts  of  their  enemies ; 
mountains  are  overthrown  by  thought,  and  thoughts  are  projected 
into  other  minds.  Such  are  the  thaumaturgics  of  mythologic 
philosophy. 

Mythic  Tales, — Early  man  having  created  through  the  develop- 
ment of  his  philosophy  a  host  of  personages,  these  gods  must  have 
a  history.  A  part  of  that  history,  and  the.  most  important  part  to 
us  as  students  of  philosophy,  is  created  in  the  very  act  of  creating 
the  gods  themselves.  I  mean  that  portion  of  their  history  which 
relates  to  the  operations  of  nature,  for  the  gods  were  created  to 
account  for  those  things.  But  to  this  is  added  much  else  of  ad- 
venture. The  gods  love  as  men  love,  and  go  in  quest  of  mates. 
The  gods  hate  as  men  hate,  and  fight  in  single  combat  or  engage 
in  mythic  battles ;  and  the  history  of  these  adventures  impelled 
by  love  and  hate,  and  all  other  passions  and  purposes  with  which 
men  are  endowed,  all  woven  into  a  complex  tissue  with  their 
doings  in  carrying  out  the  operations  of  nature,  constitutes  th« 
web  and  woof  of  mythology. 

Religion. — Again,  as  human  welfare  is  deeply  involved  in  the 
operations  of  nature,  man's  chief  interest  is  in  the  gods.  In  this 
interest  religion  originates.  Man,  impelled  by  his  own  volition, 
guided  by  his  own  purposes,  aspires  to  a  gieater  happiness,  and 
endeavor  follows  endeavor,  but  at  every  step  his  progress  is  im- 
peded ;  his  own  powers  fail  before  the  greater  powers  of  nature ; 
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his  powers  are  pygmies,  nature's  powers  are  giants,  and  to  him 
these  giants  are  gods  with  wills  and  purposes  of  their  own,  and 
he  sees  that  man  in  his  weakness  can  succeed  only  by  allying 
himself  with  the  gods.  Hence,  impelled  by  this  philosophy,  man 
must  have  communion  with  the  gods,  and  in  this  communion  he 
must  influence  them  to  work  for  himself.  Hence,  religion,  which 
has  to  do  with  the  relations  which  exist  between  the  gods  and 
man,  is  the  legitimate  offspring  of  mythologic  philosophy. 

Thus  we  see  that  out  of  mythologic  philosophy,  as  branches  of 
the  great  tree  itself,  there  grow  ancientism,  theistic  society, 
spiritism,  thaumaturgics,  mythic  tales,  and  religion. 

V.    The  Evolution  op  Mythologic  Philosophy. 

I  shall  now  give  a  summary  characterization  of  zootheism,  then 
call  attention  to  some  of  the  relics  of  hecastotheism  found  therein, 
and  proceed  with  a  brief  statement  of  the  higher  stages  of  theism. 
The  apparent  and  easily  accessible  is  studied  first.  In  botany,  the 
ti'ees  and  the  conspicuous  flowering  plants  of  garden,  field,  and 
plain  were  first  known,  and  then  all  other  plants  were  vaguely 
grouped  as  weeds :  but,  since  the  most  conspicuous  phenogamous 
plants  were  first  studied,  what  vast  numbers  of  new  orders,  new 
genera,  and  new  species  have  been  discovered,  in  the  progress  of 
research,  to  the  lowest  cryptogams ! 

In  the  study  of  ethnology,  we  first  recognized  the  more  civilized 
races.  The  Aryan,  Hamites,  Shemites,  and  Chinese,  and  the  rest 
were  the  weeds  of  humanity — the  barbarian  and  savage,  sometimes 
called  Turanians.  But,  when  we  come  carefully  to  study  these 
lower  people,  what  numbers  of  races  are  discovered  I  In  North 
America  alone  we  have  more  than  seventy-five — seventy-five  stocks 
of  people  speaking  seventy-five  stocks  of  language,  and  some 
single  stocks  embracing  many  distinct  languages  and  dialects. 
The  languages  of  the  Algonkian  family  are  as  diverse  as  the  Indo- 
European  tongues.  So  are  the  languages  of  the  Dakotans,  the 
Shoshonians  the  Tinneans,  and  others :  so  that  in  North  America 
we  have  more  than  five  hundred  languages  spoken  to-day.  Each 
linguistic  stock  is  found  to  have  a  philosophy  of  its  own,  and  each 
stock  as  many  branches  of  philosophy  as  it  has  languages  and  dia- 
lects. Nortlt  America  presents  a  magnificent  field  for  the  study  of 
savage  and  barbaric  philosophies. 

This  vast  region  of  thought  has  been  explored  only  by  a  few 
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adventurous  travellers  in  the  world  of  science.  No  thorough  sur- 
vey of  any  part  has  been  made.  Yet  the  general  outlines  of  North 
American  philosophy  are  known,  but  the  exact  positions,  the  de- 
tails, are  all  yet  to  be  filled  in — as  the  geography  of  the  general 
outline  of  North  America  is  known  by  exploration,  but  the  exact 
positions  and  details  of  topography  are  yet  to  be  filled  in  as  the 
result  of  careful  survey.  Myths  of  the  Algonkian  stock  are  found 
in  many  a  volume  of  Americana^  the  best  of  which  were  recorded 
by  the  early  missionaries  who  came  from  Europe,  though  we  find 
some  of  them,  mixed  with  turbid  speculations,  in  the  writings  of 
Schoolcraft.  Many  of  the  myths  of  the  Indians  of  the  South, 
in  that  region  stretching  back  from  the  great  Gulf,  are  known — 
some  collected  by  travellers,  others  by  educated  Indians. 

Many  of  the  myths  of  the  Iroquois  are  known.  The  best  of 
these  are  in  the  writings  of  Morgan,  America's  greatest  anthro- 
pologist. Missionaries,  travellers,  and  linguists  have  given  us  a 
great  store  of  the  myths  of  the  Dakotan  stock.  Many  myths  of 
the  Tinn6an  also  have  been  collected.  Petitot  has  recorded  a  num- 
ber of  those  found  at  the  North,  and  we  have  in  manuscript  some 
of  the  myths  of  a  southern  branch  —  the  Navajos.  Perhaps  the 
myths  of  the  Shoshonians  have  been  collected  more  thoroughly 
than  those  of  any  other  stock.  These  are  yet  unpublished.  Powers 
has  recorded  many  of  the  myths  of  various  stocks  in  California, 
and  the  old  Spanish  writings  give  us  a  fair  collection  of  the 
Nahuatlan  myths  of  Mexico,  and  Rink  has  presented  an  inter- 
esting volume  on  the  mythology  of  the  Innuits;  and,  finally, 
fragments  of  mythology  have  been  collected  from  nearly  all  the 
tribes  of  North  America,  and  they  are  scattered  through  thousands 
of  volumes,  so  that  the  literature  is  vast.  The  brief  description 
which  I  shall  give  of  zootheism  is  founded  on  a  study  of  the 
materials  which  I  have  thus  indicated. 

All  these  tribes  are  found  in  the  higher  stagea  of  savagery, 
or  the  lower  stages  of  barbarism,  and  their  mythologies  are  found 
to  be  zootheistic  among  the  lowest,  physitheistic  among  the 
highest,  and  a  great  number  of  tribes  are  found  in  a  transition 
state,  for  zootheism  is  found  to  be  a  characteristic  of  savagery, 
and  physitheism  of  barbarism,  using  the  terms  as  they  have  been 
defined  by  Morgan.  The  supreme  gods  of  this  stage  are  animals. 
The  savage  is  intimately  associated  with  animals.  "From  them 
he  obtains  the  larger  part  of  his  clothing,  and  much  of  his  food, 
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and  he  carefully  studies  their  habits  and  finds  many  wonderful 
things.  Their  knowledge  and  skill  and  power  appear  to  him  to 
be  superior  to  his  own.  He  sees  the  mountain-sheep  fleet  among 
the  crags,  the  eagle  soaring  in  the  heavens,  the  humming-bird 
poised  over  its  blossom-cup  of  nectar,  the  serpents  swift  without 
legs,  the  salmon  scaling  the  rapids,  the  spider  weaving  its  gos- 
samer web,  the  ant  building  a  play-house  mountain  —  in  all  ani- 
mal nature  he  sees  things  too  wonderful  for  him,  and  from 
admiration  he  grows  to  adoration,  and  the  animals  become  his 
gods."i 

Ancientism  plays  an  important  part  in  this  zoo  theism.  It  is 
not  the  animals  of  to-day  whom  the  Indians  worship,  but  their 
progenitors — their  prototypes.  The  wolf  of  to-day  is  a  howling 
pest,  but  that  wolf's  ancestor  —  the  first  of  the  line — was  a  god. 
The  individuals  of  every  species  are  supposed  to  have  descended 
from  an  ancient  being — a  progenitor  of  the  race;  and  so  they 
have  a  grizzly-bear-god,  an  eagle-god,  a  rattlesnake-god,  a  trout- 
god,  a  spider-god — a  god  for  every  species  and  variety  of  animal. 

By  these  animal-gods  all  things  were  established.  The  heavenly 
bodies  were  created  and  their  ways  appointed,  and  when  the 
powers  and  phenomena  of  nature  are  personified  the  personages 
are  beasts,  and  all  human  institutions  also  were  established  by  the 
ancient  animal-gods. 

The  ancient  animals  of  any  philosophy  of  this  stage  are  found 
to  constitute  a  clan  or  gens — a  body  of  relatives,  or  consanguinii^ 
with  grandfathers,  fathers,  sons,  and  brothers.  In  Ute  theism, 
the  ancient  Togoav,  the  first  rattle-snake,  is  the  grandfather,  and 
all  the  animal-gods  are  assigned  to  their  relationships.  Grand- 
father Togoav,  the  wise,  was  the  chief  of  the  council,  but  Shi- 
nauav,  the  ancient  wolf,  was  the  chief  of  the  clan. 

There  were  many  other  clans  and  tribes  of  ancient  gods  with 
whom  these  supreme  gods  had  dealings,  of  which  hereafter ;  and, 
finally,  eacTi  of  these  ancient  gods  became  the  progenitor  of  a  new 
tribe,  so  that  we  have  a  tribe  of  bears,  a  tribe  of  eagles,  a  tribe  of 
rattlesnakes,  a  tribe  of  spiders,  and  many  other  tribes,  as  we 
have  tribes  of  Utes,  tribes  of  Sioux,  tribes  of  Navajos :  and  in 
that  philosophy  tribes  of  animals  are  considered  to  be  coordinate 

^  Vide  <*  Outlines  of  the  Philosophy  of  the  North  Amerioan  Indians,'*  by  J.  W. 
Powell.  Read  before  the  American  Geographical  Society  at  Chickering  Hall,  De- 
.€einber28, 1876. 
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with  tribes  of  men.  All  of  these  gods  have  invisible  duplicates — 
spirits — and  they  have  often  visited  the  earth.  All  of-  the  won- 
derful things  seen  in  nature  are  done  by  the  animal-gods.  That 
elder  life  was  a  magic  life ;  but  the  descendants  of  the  gods  are 
degenerate.  Now  and  then  as  a  medicine-man  by  practising 
sorcery  can  perform  great  feats,  so  now  and  then  there  is  a 
medicine-bear,  a  medicine-wolf,  or  a  medicine- snake  that  can  work 
magic. 

On  winter  nights  the. Indians  gather  about  the  camp-fire  and 
then  the  doings  of  the  gods  are  recounted  in  many  a  mythic  tale. 
I  have  heard  the  venerable  and  impassioned  orator  on  the  camp- 
meeting  stand  rehearse  the  story  of  the  crucifixion,  and  have  seen 
the  thousands  gathered  there  weep  in  contemplation  of  the  story 
of  divine  sufiering,  and  heard  their  shouts  roll  down  the  forest 
aisles  as  they  gave  vent  to  their  joy  at  the  contemplation  of  re- 
demption. But  the  scene  was  not  a  whit  more  dramatic  than 
another  I  have  witnessed  in  an  evergreen  forest  of  the  Rocky 
Mountain  region,  where  a  tribe  was  gathered  under  the  great 
pines,  and  the  temple  of  light  from  the  blazing  fire  was  walled  by 
the  darkness  of  midnight,  and  in  the  midst  of  the  temple  stood 
the  wise  old  man  telling  in  simple  savage  language  the  story  of 
Tawats,  when  he  conquered  the  sun  and  established  the  seasons 
and  the  days.  In  that  pre-Columbian  time,  before  the  advent  of 
white  men,  all  the  Indian  tribes  of  North  America  gathered  on 
winter  nights  by  the  shores  of  the  seas  where  the  tides  beat  in 
solemn  rhythm,  by  the  shores  of  the  great  lakes  where  the  waves 
dashed  against  frozen  beaches,  and  by  the  banks  of  the  rivers 
flowing  ever  in  solemn  mystery — each  in  its  own  temple  of  illu- 
mined space — and  listened  to  the  story  of  its  own  supreme  gods, 
the  ancients  of  time. 

Religion,  in  this  stage  of  theism,  is  sorcery.  Incantation, 
dancing,  fasting,  bodily  torture,  and  ecstasism  are  practised. 
Every  tribe  has  its  potion  or  vegetable  drug,  by  which  the  ecs- 
tatic state  is  produced,  and  their  venerable  medicine-men  see 
visions  and  dream  dreams.  No  enterprise  is  undertaken  without 
consulting  the  gods,  and  no  evil  impends  but  they  seek  to  pro- 
pitiate the  gods.  All  daily  life,  to  the  minutest  particular,  is 
religious.  This  stage  of  religion  is  characterized  by  fetichism. 
Every  Indian  is  provided  with  his  charm  or  fetich,  revealed  to 
him  in  some  awful  hour  of  ecstasy  produced  by  fasting,  or  feast- 
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ing,  or  drunkenness,  and  that  fetich  he  carries  with  him  to  bring 
good  luck,  in  love  or  in  combat,  in  the  hunt  or  on  the  journey. 
He  carries  a  fetich  suspended  to  his  neck,  he  ties  a  fetich  to  his 
bow,  he  buries  a  fetich  under  his  tent,  he  places  a  fetich  under 
his  pillow  of  wild-cat  skins,  he  prays  to  his  fetich,  he  praises  it, 
or  chides  it;  if  successful,  his  fetich  receives  the  gloj*y;  if  he 
fail,  his  fetich  is  disgraced.  These  fetiches  may  be  fragments  of 
bone  or  shell,  the  tips  of  the  tails  of  animals,  the  claws  of  birds 
or  beasts,  perhaps  dried  hearts  of  little  -warblers,  shards  of  bee- 
tles, leaves  powdered  and  held  in  bags,  or  crystals  from  the  rocks 
— anything  curious  may  become  a  fetich.  Fetichism,  then,  is  a 
religious  means,  not  a  philosophic  or  mythologic  state.  Such  are 
the  supreme  gods  of  the  savage,  and  such  the  institutions  which 
belong  to  their  theism.  But  they  have  many  other  inferior  gods. 
Mountains,  hills,  valleys,  and  great  rocks  have  their  own  special 
deities — invisible  spirits — and  lakes,  rivers,  and  springs  are  tlie 
homes  of  spirits.  But  all  these  have  animal  forms  when  in  proper 
personce.  Yet  some  of  the  medicine-spirits  can  transform  them- 
selves, and  work  magic  as  do  medicine-men.  The  heavenly  bodies 
are  either  created  personages  or  ancient  men  or  animals  translated 
to  the  sky.  And,  last,  we  find  that  ancestors  are  worshipped  as 
gods. 

Among  all  the  tribes  of  North  America  with  which  we  are  ac- 
quainted tutelarism  prevails.  Every  tribe  and  every  clan  has  its 
own  protecting  god,  and  every  individual  has  his  "  my  god."  It 
is  a  curious  fact  that  every  Indian  seeks  to  conceal  the  knowledge 
of  his  *'my  god"  from  all  other  persons,  for  he  fears  that,  if  his 
enemy  should  know  of  his  tutelar  deity,  he  might  by  extraordinary 
magic  succeed  in  estranging  him,  and  be  able  to  compass  his  des- 
truction through  his  own  god. 

In  this  summary  characterization  of  zootheism,  I  have  neces- 
sarily systematized  my  statements.  This,  of  course,  could  not 
be  done  by  the  savage  himself.  He  could  give  you  its  particulars, 
but  could  not  group  those  particulars  in  any  logical  way.  He  does 
not  recognize  any  system,  but  talks  indiscriminately,  now  of  one, 
now  of  another  god,  and  with  him  the  whole  theory  as  a  system  is 
vague  and  shadowy,  but  iCs  particulars  are  vividly  before  his  mind 
and  the  certainty  with  which  he  entertains  his  opinions  leaves  no 
room  to  doubt  his  sincerity. 

But  there  is  yet  another  phase  of  theism  discovered.     Some- 
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times  a  particular  mountain,  or  hill,  or  some  great  rock,  some 
waterfall,  some  lake,  or  some  spring  receives  special  worship,  and 
is  itself  believed  to  be  a  deity.  This  seems  to  be  a  relic  of  he- 
castotheism.  Fetichism,  also,  seems  to  have  come  from  that 
lower  grade,  and  all  the  minor  deities,  the  spirits  of  mountains 
and  hills  and  forests,  seem  to  have  been  derived  ftom  that  same 
stage,  but  with  this  development,  that  the  things  themselves  are 
not  worshipped,  but  their  essential  spirits. 

From  zootheism,  as  described,  to  physitheism  the  way  is  long. 
Gradually,  in  the  progress  of  philosophy,  animal-gods  are  de- 
throned and  become  inferior  gods  or  are  fojrgotten ;  and  gradually 
the  gods  of  the  firmament — the  sun,  the  moon,  the  stars — are  ad- 
vanced to  supremacy ;  the  clouds,  the  storms,  the  winds,  day  and 
night,  dawn  and  gloaming,  the  sky,  the  earth,  the  sea,  and  all  the 
various  phases  of  nature  perceived  by  the  barbaric  mind,  are  per- 
sonified and  deified  and  exalted  to  a  supremacy  coordinate  with 
the  firmament  gods ;  and  all  the  gods  of  the  lower  stage  that  re- 
main— animals,  demons,  and  all  men — belong  to  inferior  tribes. 
The  gods  of  the  sky — the  shining  ones,  those  that  soar  on  bright 
wings,  those  that  are  clothed  in  gorgeous  colors,  those  that  came 
from  we  know  not  where,  those  that  vanish  to  the  unknown — are 
the  supreme  gods.  We  always  find  these  gods  organized  in  great 
tribes,  with  mighty  chieftains  who  fight  in  great  combats  or  lead 
their  hosts  in  battle,  and  return  with  much  booty.  Such  is  the 
theism  of  ancient  Mexico,  such  the  theism  of  the  Northland,  and 
such  the  theism  discovered  among  the  ancient  Aryans. 

From  this  stage  to  psychotheism  the  way  is  long,  for  evolution 
is  slow.  Gradually  men  come  to  difibrentiate  more  carefully  be- 
tween good  and  evil,  and  the  ethic  character  of  their  gods 
becomes  the  subject  of  consideration,  and  the  good  gods  grow 
in  virtue,  and  the  bad  gods  grow  in  vice.  Their  identity  with 
physical  objects  and  phenomena  is  gradually  lost.  The  different 
phases  or  conditions  of  the  same  object  or  phenomenon  are  sev- 
ered, and  each  is  personified.  The  bad  gods  are  banished  to 
underground  homes,  or  live  in  concealment,  from  which  they  issue 
on  their  expeditions  of  evil.  Still,  all  powers  exist  in  these  gods, 
and  all  things  were  established  by  them.  With  the  growth  of  their 
moral  qualities  no  physical  powers  are  lost,  and  the  spirits  of  the 
physical  bodies  and  phenomena  become  demons,  subordinate  to 
the  great  gods  who  preside  over  nature  and  human  institutions. 
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We  find,  also,  that  these  superior  gods  are  organized  in  soci- 
eties. I  have  said  the  Norse  mythology  was  in  a  transition  state 
from  physitheism  to  psychotheism.  The  Asas,  or  gods,  lived  in 
Asgard,  a  mythic  communal  village,  with  its  Thing  or  Council, 
the  very  counterpart  of  the  communal  village  of  Iceland.  Olym- 
pus was  a  Greek  city. 

Still  further  in  the  study  of  mythologic  philosophy  we  see  that 
more  and  more  supremacy  falls  into  the  hands  of  the  few,  until 
monotheism  is  established  on  the  plan  of  the  empire.  Then  all 
of  the  inferior  deities  whose  characters  are  pure  become  minister- 
ing angels,  and  the  inferior  deities  whose  characters  are  evil 
become  devils,  and  the  differentiation  of  good  and  evil  is  per- 
fected in  the  gulf  between  heaven  and  hell.  In  all  this  time  from 
zootheism  to  monotheism,  ancientism  becomes  more  ancient,  and 
the  times  and  dynasties  are  multiplied.  Spiritism  is  more  clearly 
defined,  and  spirits  become  eternal ;  mythologic  tales  are  codified, 
and  sacred  books  are  written  ;  divination  for  the  result  of  amorous 
intrigue  has  become  the  prophecy  of  immortality,  and  thaumatur- 
gics  is  formulated  as  the  omnipresent,  the  omnipotent,  the  om- 
niscient — the  infinite. 

Time  has  failed  me  to  tell  of  the  evolution  of  idolatry  from 
fetichism,  priestcraft  from  sorcery,  and  of  their  overthrow  by  the 
doctrines  that  were  uttered  by  that  voice  on  the  Mount.  Religion, 
that  was  fetichism  and  ecstasism  and  sorcery,  is  now  the  yearn- 
ing for  something  better,  something  purer,  and  the  means  by 
which  this  highest  state  for  humanity  may  be  reached,  the  ideal 
worship  of  the  highest  monotheism,  is  *'in  spirit  and  in  truth." 
The  steps  are  long  from  Shinauav,  the  ancient  of  wolves,  by  Zeus, 
the  ancient  df  skies,  to  Jehovah,  the  "  ancient  of  days." 

When  society  shall  have  passed  to  complete  integration  in  the 
unification  of  the  nations,  and  differentiation  is  perfected  in  uni- 
versal liberty,  then  the  sole  philosophy  will  be  science. 
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The  History  of  some  pre-Cambeian  Rocks  in  America  and  Eu- 
rope.    By  T.  Sterrt  Hunt,  of  Montreal,  Canada. 

I.   Introduction. 

One  of  the  earliest  distinctions  in  modem  geology  was  that 
between  the  crystalline  or  so-called  Primary  strata,  and  those 
which  are  found  in  many  cases  to  have  been  deposited  upon  them, 
and,  being  in  part  made  up  of  sediments  derived  from  the  disin- 
tegration of  these,  were  designated  Transition  and  Secondary 
rocks.  While  the  past  forty  years  have  seen  great  progress,  in 
our  knowledge  of  these  younger  rocks,  and  while  their  strati- 
graphy, the  conditions  of  their  deposition,  and  their  geographical 
distribution  and  variations  have  been  carefully  investigated,  the 
study  of  the  older  rocks  has  been  comparatively  neglected.  This 
lias  been  due  in  part  to  the  inherent  diflSculties  of  the  subject, 
arising  from  the  general  absence  of  organic  remains,  and  from 
the  greatly  disturbed  condition  of  the  older  strata,  but  in  a 
greater  measure,  perhaps,  to  certain  theoretical  views  respecting 
the  stratified  crystalline  rocks.  In  fact,  the  unlike  teachings  of 
two  different  and  opposed  schools  lead  to  the  common  conclusion 
that  the  geognostical  study  of  these  rocks  is  unprofitable. 

The  first  of  these  schools  maintains  that  the  rocks  in  question 
are,  in  great  part  at  least,  not  subordinated  to  the  same  struct- 
ural laws  as  the  uncrystalline  formations,  but  are  portions  of  the 
original  crust  of  the  earth,  and  that  their  architecture  is  due  not 
to  aqueous  deposition  and  subsequent  mechanical  movements,  but 
rather  to  agencies  at  work  in  a  cooling  igneous  mass.  The  igneous 
origin  of  gneisses,  petrosilex-porphyries,  diorites,  serpentines,  and 
even  of  magnetic  and  specular  iron  ores,  was  held  and  taught  al- 
most universally  by  our  geologists  a  generation  since,  and  has 
still  its  avowed  partisans;  some  maintaining  that  these  various 
crystalline  rocks  are  portions  of  the  first-formed  crust  of  the 
planet,  underlying  the  sedimentary  rocks,  while  others  imagine 
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them  to  be  volcanic  matter  extravasated  at  more  recent  dates, — 
in  either  case,  however,  more  or  less  modified  by  supposed  meta- 
somatic  processes.  By  the  term  metasomatosis  are  conveniently 
designated  those  changes  which  are  not  simply  internal  (diag- 
enesis),  but  are  effected  from  without,— as  a  result  of  which  the 
chemical  elements  of  the  original  rock  are  supposed  to  be  either 
wholly  or  in  part  replaced  by  others  from  external  sources  (epig- 
enesis.) 

The  other  school  to  which  allusion  has  been  made,  and  which, 
not  less  than  the  preceding,  has  helped  to  discourage,  in  the 
writer's  opinion,  the  intelligent  geognostical  study  of  the  crys- 
talline stratiform  rocks,  is  that  which  believes  them  to  be,  in  great 
part  at  least,  the  result  of  chemical  changes,  often  metasomatic 
in  their  nature,  which  have  been  effected  in  paleozoic  and  more 
recent  sedimentary  beds,  obliterating  their  organic  remains,  and 
transforming  them  into  crystalline  strata.  According  to  this 
view,  feldspathic,  hornblendic  and  micaceous  stratiform  crystalline 
rocks,  having  similar  mineralogical  and  lithological  characters, 
may  belong  to  widely  separated  geological  periods,  and  the  same 
geological  series  may,  in  one  part  of  its  distribution  consist  of 
uncrystalline  sllicious,  calcareous,  and  argillaceous  fossiliferous 
sediments,  and  in  another  locality  not  far  remote  be  found,  as  the 
result  of  subsequent  changes  effected  in  these  strata,  transformed 
into  gneiss,  hornblende-schist  or  mica-schist,  by  what  is  vaguely 
designated  as  metamorphism. 

The  recent  history  of  geology  abounds  in  striking  illustrations 
of  the  fact  that  in  a  great  number  of  cases  these  views  have  been 
based  on  misconceptions  in  stratigraphy,  and  without  entering  into 
the  discussion  of  the  question,  it  may  be  said  that,  in  the  writer's 
opinion,  careful  stratigraphical  study  will,  in  all  cases,  suffice 
to  show  the  error  both  of  the  plutonic  and  the  metamorphic  hy- 
pothesis, of  the  origin  of  crystalline  rocks.  Of  these,  the  former 
is  supported  chiefly  by  the  lithological  resemblances  between  cer- 
tain stratified  and  unstratified  rocks,  and  by  the  appearances  of 
stratification  occasionally  found  in  these ;  while  the  latter  is  sus- 
tained by  the  analogies  offered  in  cases  of  local  hydro  thermal 
action  on  sediments,  and  by  the  resemblances  which  recomposed 
materials  frequently  offer  to  their  parent  crystalline  rocks.  It  is 
here  maintained  that  the  great  formations  of  stratiform  crystalline 
feldspathic,  hornblendic  and  micaceous  rocks,  which,  in  various 
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parts  of  the  world,  have  been  alternately  described  as  plutonic 
masses,  and  as  metamorphised  paleozoic,  mesozoic  or  cenozoic 
strata,  are,  in  all  cases,  neptunean  rocks,  pre-Cambrian  or  pre- 
Silurian  in  age,  and  that  we  know  of  no  uncrystalline  sediments 
which  are  their  stratigraphical  equivalents. 

We. have  then  before  us  two  schools,  the  one  maintaining  the 
secondary  origin  of  a  great  and  by  them  an  undefined  portion  of 
the  crystalline  stratiform  rocks,  while  assigning  to  certain  older 
(pre-Cambrian)  crystalline  rocks  (of  which  they  admit  the  exist- 
ence) either  a  neptunean  or  a  plutonic  origin.  The  other,  or 
piutonist  school,  while  asserting  the  plutonic  derivation  of  the 
greater  part  of  the  crystalline  formations,  accepts,  to  some  extent 
also,  the  notion  of  secondary  and  neptunean  metamorphic  schists. 
It  is  believed  that  the  above  concTse  statements  cover  the  ground 
held  by  the  hitherto  prevailing  neptunean  and  piutonist  schools, 
neither  of  which,  it  is  maintained,  expresses  correctly  the  present 
state  of  our  knowledge.  In  opposition  to  both  of  these  are  the 
views  taught  for  the  last  twenty  years  by  the  writer,  and  now  ac- 
cepted by  many  geologists,  which  may  be  thus  defined  : 

Ist.  All  gneisses,  petrosilexes,  hornblendic  and  micaceous 
schists,  olivines,  serpentines  and  in  fact  all  silicated  crystalline 
stratified  rocks,  are  of  neptunean  origin,  and  are  not  primarily 
due  to  metamorphosis  or  to  metasomatosis  either  of  ordinary 
aqueous  sediments  or  of  volcanic  materials^. 

2nd.  The  chemical  and  mechanical  conditions  under  which  these 
rocks  were  deposited  and  crystallized,  whether  in  shallow  water 
or  in  abyssal  depths  (where  pressure  greatly  influences  chemical 
afllnities),  have  not  been  reproduced  to  any  great  extent  since  the 
beginning  of  paleozoic  time. 

3d.  The  eruptive  rocks,  or  at  least  a  large  part  of  them,  are 
softened  and  displaced  portions  of  these  ancient  neptunean  rocks, 
of  which  they  retain  many  of  the  mineralogical  and  lithological 
characters. 

II.  The  History  of  pre-Cambrian  Rocks  in  America. 
Coming  now  to  the  history  of  our  knowledge  of  American  crys- 

>  It  is  a  question  how  far  the  origin  of  Buch  crystalline  aluminous  silicates  as  mus- 
coTite,  margarodlite,  damourite,  pyrophyllite,  kyanlte,  flbrolite  and  andalusite,  is  to  be 
sought  in  a  process  of  dingenesis  in  ordinary  aqueous  sediments  holding  the  ruins  of 
more  or  less  completely  decayed  feldspars.  Other  aluminous  rock-forming  silicates, 
such  as  chlorites  and  magnesian  micas,  are  however  connected  through  alnminiferous 
amphiboles  with  the  non-aluminous  magnesian  silicates,  and  to  all  these  various  mag- 
nesian minerals  a  very  different  origin  must  be  ascribed. 
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talline  rocks,  we  find  that  the  lithological  characters  of  the  Primary 
gneissic  formation  of  northern  New  York  were  known  to  Maclure 
in  1817,  and  were  clearly  defined  in  1832  by  Eaton,  who,  under 
the  name  of  the  Macomb  Mountains,  described  what  have  since 
been  called  the  Adirondacks,  and  moreover  distinguished  them 
from  the  Primitive  rocks  of  New  England.  Emmons,  in.  1842, 
added  much  to  our  lithological  knowledge  of  the  crystalline  rocks 
of  northern  IsTew  York,  but  regarded  the  gneisses,  with  their  as- 
sociated limestones,  serpentines  and  iron-ores  as  all  of  plutonic 
origin.  Nuttall,  who  had  previously  studied  the  similar  rocks  in 
the  Highlands  of  southern  New  York  and  New  Jersey,  had  how- 
ever maintained,  as  early  as  1822,  that  these  had  resulted  from  an 
alteration  of  the  adjacent  paleozoic  graywackes  and  limestones, 
into  which  he  supposed  them  to  graduate.  This  view  was  at  the 
the  time  opposed  by  Vanuxem  and  Keating,  but  was  again  set 
forth  in  1843  by  Mather,  who,  while  admitting  the  existence  of 
an  older  or  Primary  series  of  crystalline  rocks,  conceived  a  great 
part  of  these  rocks  in  southern  New  York  to  be  altered  paleozoic, 
and  distinguished  them  as  Metamorphic  rocks.  To  this  latter 
class  he  referred  all  the  crystalline  stratified  rocks  of  New  Eng- 
land, and  ended  by  doubting  whether  a  great  part  of  what  he  had 
described  as  Primary  were  not  to  be  included  in  his  Metamorphic 
class.  The  subsequent  labors  of  Kitchell  and  of  Cooke  have, 
however,  clearly  established  the  views  of  Vanuxem  and  Keating 
as  to  the  Primary  age  alike  of  the  gneisses  and  the  crystalline 
limestones  of  the  Highlands. 

The  similar  gneissic  seiies  in  Canada,  which  was  known  to 
Bigsby  and  to  Eaton  as  an  extension  of  that  of  northern  New 
York,  was  noticed  by  Murray  in  1843,  and  by  Logan  in  1847,  as 
pre-paleozoic,  though  apparently  of  sedimentary  origin,  and  hence, 
according  to  them,  entitled  to  be  called  Metamorphic  rather  than 
Primary.  It  was  described  by  Logan  in  1847  as  consisting  of 
a  lower  group  of  hornblendic  gneisses  without  limestones,  and 
an  upper  group  of  similar  gneisses,  distinguished  by  interstratified 
crystalline  limestones. 

These  rocks  were  found  by  Logan  and  by  Murray  to  be  over- 
laid, both  on  Lake  Superior  and  in  the  valley  of  the  upper  Ottawa, 
by  a  series  consisting  of  chloritic  and  epidotic  schists  with  bedded 
greenstones,  and  with  conglomerates  holding  pebbles  derived  from 
the  ancient  gneiss  below.  This  same  overlying  series  had,  as  early 
as  1824,  been  described  by  Bigsby  on  Lake  Superior,  and  by 
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him  distinguished  from  the  Primary  and  classed  with  Transition 
rocks. 

Labradoritic  and  hypersthenic  rocks,  like  those  previously  des- 
scribed  by  Emmons  in  the  Primary  region  of  northern  New  York, 
were  in  1853  and  1854  discovered  and  carefully  studied  in  the 
Laurentide  hills  to  the  north  of  Montreal,  when  they  were  des- 
cribed as  being  gneissoid  in  structure,  and  as  interstratified  with 
true  gneisses  and  with  crystalline  limestones.  In  1854  the  writer, 
in  concert  with  Logan,  proposed  for  the  ancient  crystalline  rocks 
of  the  Laurentide  Mountains,  including  the  lower  and  upper 
gneissic  groups  already  mentioned,  and  the  succeeding  labra- 
doritic rocks  (but  excluding  the  chloritic  and  greenstone  series), 
the  name  of  Laurentian.  In  an  essay  by  the  writer,  in  1855, 
the  oldest  gneisses  of  Scotland  and  of  Scandinavia  were,  on 
lithological  and  stratigraphical  grounds,  referred  to  the  Laurentian 
series,  and  at  the  same  time  the  name  of  Huronian  was  proposed 
for  the  chloritic  and  greenstone  series,  which  had  been  shown  to 
overlie  unconformably  the  Laurentian  in  Canada. 

Previous  to  this,  in  1851,  Foster  and  Whitney  had  described 
the  Laurentian  and  Huronian  rocks  of  Lake  Superior  as  consti- 
tuting one  Azoic  system  of  Metamorphic  rocks,  with  granites, 
porphyries,  and  iron-ores  of  igneous  origin,  and  in  1857  Whitney 
attacked  the  two-fold  division  adopted  by  the  Canadian  geological 
survey,  maintaining  that  the  stratified  crystalline  rocks  of  the 
region  belong  lo  a  single  series  with  a  granitic  nucleus.  The 
observations  of  Kimball  in  1865,  and  the  later  studies  of  Credner, 
of  Brooks  and  Pumpelly,  and  of  Irving,  have,  however,  all  con- 
firmed the  views  of  the  Canadian  survey  as  to  the  relations  of 
the  Laurentian  and  Huronian  in  this  region. 

The  Primary  age  of  the  Highlands  of  southern  New  York,  and 
their  extension  in  what  is  called  the  South  Mountain,  as  far  as 
the  Schuylkill,  was  now  unquestioned,  but  the  crystalline  rocks 
to  the  east  of  this  range,  while  regarded  by  Eaton  and  by  Emmons 
as  also  forming  a  part  of  the  Primary,  were  by  Mather,  as  we  have 
already  seen,  supposed  to  be  altered  paleozoic  strata.  These  rocks 
in  New  England,  with  the  exception  of  the  quartzites  and  lime- 
stones of  the  Taconic  range,  were  by  him  assigned  to  a  horizon 
above  the  Trenton  limestone  of  the  New  York  system,  and  por- 
tions of  them  were  conjectured  by  other  geologists,  who  adopted 
and  extended  the  views  of  Mather,  to  be  of  Devonian  age. 
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The  characteristic  crystalline  schists  of  New  England  and  south- 
eastern New  York,  passing  beneath  the  Mesozoic  of  New  Jersey, 
reappear  in  southeastern  Pennsylvania,  where  they  were  studied 
and  finally  described  by  H.  D.  Rogers  in  1858.  According  to 
him,  these  crystalline  schists,  while  resting  unconformably  upon 
an  ancient  (Hypozoic)  gneissic  system,  were  themselves  more 
ancient  than  the  Scolithus-sandstone,  which  he  regarded  as  the 
equivalent  of  the  F'otsdam.  While  he  supposed  these  newer 
crystalline  schists,  called  by  him  Azoic,  to  be  connected  strati- 
graphicall}'  with  the  base  of  the  Paleozoic  series,  he  nevertheless 
assigned  them  to  a  position  below  the  base  of  the  New  York  sys- 
tem ;  thus  recognizing  in  Pennsylvania  beneath  this  horizon,  two 
unconformable  groups  of  crystalline  rocks,  corresponding  strati- 
graphically,  as  well  as  lithologically,  with  the  Laurentian  and  the 
Huronian  of  the  Lake  Superior  region. 

The  existence  among  these  newer  crystalline  schists  of  Penn- 
sylvania, of  a  series  distinct  from  the  Huronian,  and  representing 
the  White  Mountain  or  Montalban  rocks  (the  Philadelphia  and 
Manhattan  gneissic  group)  had  not  yet  been  recognized.  Rogers 
at  this  time  taught  the  igneous  origin  of  the  magnetic  iron-ores, 
the  quartz-veins,  the  serpentines  and  their  associated  greenstones 
in  this  region.  The  belief  entertained  by  Rogers  of  an  intimate 
connection  between  his  upper  or  Azoic  series  and  the  Paleozoic, 
had  its  origin,  apparently,  in  the  fact  of  the  existence  in  this 
region  of  still  another,  and  newer  crystalline  series,  the  Lower 
Taconic  of  Emmons,  or  the  Itacolumite  group  of  Lieber,  which  I 
have  designated  Taconian,  and  propose  to  consider  in  a  future 
paper.  In  it  are  included  the  iron-ores  of  Reading,  Cornwall 
and  Dillsburg,  Pennsylvania. 

The  views  of  H.  D.  Rogers  with  regard  to  the  crystalline 
schists  of  the  Atlantic  belt  were  thus  in  effect,  if  not  in  terms, 
a  return  to  those  held  by  Eaton  and  by  Emmons,  but  were  in 
direct  opposition  to  that  maintained  by  Mather,  which  had  been 
adopted  by  Logan  and  by  the  present  writer.  The  belt  of  mi- 
caceoifs,  chloritic,  talcose  and  epidotic  schists,  with  greenstones 
and  serpentines,  the  extension  of  a  part  of  the  Azoic  of  Rogers 
which,  through  western  New  England,  is  traced  into  eastern  Can- 
ada (where  it  has  been  known  as  the  Green  Mountain  range) 
was,  previous  to  1862,  called  by  the  geological  survey  of  Canada, 
Altered  Hudson-River  group.     It  was  subsequently  referred  to  the 
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Upper  Taconic  of  Emmons,  to  which  Logan  at  that  date  gave  the 
name  of  the  Quebec  gronp,  assigning  it,  as  has  long  before  been 
done  by  Emmons  (in  1846),  to  a  horizon  between  the  Potsdam 
and  the  Trenton  of  the  New  York  system. 

In  1862  and  1863  appeared,  independently,  two  important  papers 
bearing  on  the  question  before  us  as  to  the  age  of  these  rocks. 
The  first  of  these  was  by  Thomas  Macfarlane,  who,  after  a  per- 
sonal examination  of  the  three  regions,  compared  the  Huronian  of 
Lake  Huron,  and  the  Green  Mountain  range  of  Canada,  with 
portions  of  the  Urschiefer  or  Primitive  schists  which,  in  Norway, 
intervene  between  the  ancient  gneisses  and  the  oldest  paleozoic 
(Lower  Cambrian)  strata.  The  second  paper  was  by  Bigsby,  who 
was,  as  we  have  seen,  the  earliest  student  of  the  Huronian  of  the 
northwest,  pointing  out  that  these  rocks  could  not  in  any  sense 
be  called  Cambrian,  but  were  the  equivalent  of  the  Norwegian 
Urschiefer.  The  conclusions  of  Macfarlane  were  noticed  in  con- 
nection with  the  views  of  Keilhau  on  these  rocks  of  Norway  in 
'*The  Geology  of  Canada"  in  1863,  with  farther  comparisons 
between  the  New  England  crystalline  schists  and  the  Huronian, 
but  official  reasons  then,  and  for  some  years  after,  prevented  the 
writer  from  expressing  any  dissent  from  the  views  of  the  director 
of  the  geological  survey  of  Canada. 

Meanwhile,  the  existence  of  an  equivalent  series  of  crystalline 
schists  was  being  made  known  in  southern  New  Brunswick,  where 
they  were  described  by  G.  F.  Matthews  in  1863,  under  the  name 
of  the  Coldbrook  group,  which  included  a  lower  and  an  upper 
division.  In  a  joint  report  of  Matthews  and  Bailey  in  1865, 
these  rocks  were  declared  to  be  overlaid  unconformably  by  the 
slates  in  which  Hartt  had  made  known  a  Lower  Cambrian  (Mene- 
vian)  fauna,  and  were  compared  with  the  Huronian  of  Canada. 
The  lower  division  of  the  Coldbrook  was  then  liescribed  as  in- 
cluding a  large  amount  of  pink  feldspathic  quartzite  and  of  bluish 
and  reddish  porphyritic  slates.  In  the  same  report  was  described, 
under  the  name  of  the  Bloomsbury  group,  a  series  lithologically 
similar  to  the  Coldbrook,  but  apparently  resting  on  the  Menevian 
and  overlaid  by  fossiliferous  Upper  Devonian  beds,  into  which 
they  were  supposed  to  graduate.  The  Bloomsbury  group  was, 
therefore,  regarded  as  altered  Upper  Devonian,  and  its  similarity 
to  the  pre-Cambrian  Coldbrook  was  explained  by  supposing  both 
groups  to  consist  in  large  part  of  volcanic  rocks. 
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In  1869  and  1870,  however,  the  writer,  in  company  with  the 
gentlemen  just  named,  devoted  many  weeks  to  a  careful  study  of 
these  rocks  in  southern  New  Brunswick,  when  it  was  made  ap- 
parent that  the  Bloomsbury  group  was  but  a  repetition  of  the 
Coldbrook  on  the  opposite  side  of  a  closely  folded  synclinal 
holding  Menevian  sediments.  These  two  areas  of  pre-Cambrian 
rocks  were  accordingly  described  by  Messrs.  Matthews  and  Bailey 
in  their  report  to  the  geological  survey  of  Canada  in  1871,  as 
Huronian,  in  which  were  also  included  the  similar  crystalline  rocks 
belonging  to  two  other  areas,  which  had  been  previously  described 
by  the  same  observers  under  the  names  of  the  Kingston  and 
Coastal  groups,  and  by  them  regarded  as  respectively  altered 
Silurian  and  Devonian. 

After  studying  the  Huronian  rocks  in  southern  New  Brunswick, 
and  their  continuation  along  the  eastern  coast  of  New  England, 
especially  in  Massachusetts,  (where  also  they  are  overlaid  by 
Menevian  sediments,)  the  writer,  in  1870,  announced  his  conclu- 
sion that  the  crystalline  schists  of  these  regions  are  lithologically 
and  stratigraphically  equivalent  to  those  of  the  Green  Mountain 
range  of  western  New  England  and  eastern  Canada.  These,  he 
farther  declared,  in  1871,  to  be  a  prolongation  of  the  newer  crys- 
talline or  Azoic  schists  of  Rogers  in  Pennsylvania,  and  the 
equivalents  of  the  Huronian  of  the  northwest.  The  pre-Cambrian 
age  of  these  crystalline  schists  in  eastern  Canada  has  now  been 
clearly  proved  by  the  presence  of  their  fragments  in  the  fossil- 
iferous  Cambrian  strata,  in  many  localities  along  the  northwestern 
border  of  the  Green  Mountain  belt,  and  farther  by  the  recent 
stratigraphical  studies  of  Selwyn,  as  announced  by  him  in  1878. 

In  close  association  with  these  Huronian  strata  in  eastern 
Massachusetts  is  found  a  great  development  of  petrosilex  rocks, 
generally  jaspery  or  porphyritic  in  character,  and  sometimes  fissile, 
which  by  Edward  Hitchcock  were  regarded  as  igneous.  These 
were  found  to  be  identical  with  the  rocks  designated  by  Matthews 
and  Bailey  as  feldspathic  quartzites  and  silicious  and  porphy- 
ritic slates,  which  form  the  chief  part  of  the  Lower  Coldbrook, 
or  inferior  division  of  the  Huronian  series  in  New  Brunswick. 
The  petrosilexes  of  Massachusetts  were,  after  careful  examina- 
tion by  the  writer,  described  by  him  in  1870  and  in  1871  as  in- 
digenous stratified  rocks,  forming  a  part  of  the  Huronian  series. 
He,  subsequently',  in  1871,  studied   the  similar  rocks  in  south- 
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eastern  Missouri,  and,  in  1872,  on  the  north  shore  of  Lake  Su- 
perior, but  was  unable  to  find  them  in  the  Green  Mountain  belt, 
or  in  its  southward  continuation,  until  in  1875  he  detected  them 
occupying  a  considerable  area  in  the  South  Mountain  range  in 
southern  Pennsylvania.  The  stratified  petrosilex.  rocks  of  all 
these  regions  were  described  in  a  communication  to  this  Asso- 
ciation in  1873  as  apparently  corresponding  to  the  halleflinta 
rocks  of  Sweden,  and,  having  in  view  their  stratigraphical  po- 
sition both  in  that  country  and  in  New  Brunswick,  they  were 
then  "  provisionally  referred "  '*  to  a  position  near  the  base  of  the 
Huronian  series."  Their  absence  in  the  Huronian  belt  in  western 
New  England,  and  in  the  province  of  Quebec,  as  well  as  at  several 
observed  points  of  contact  between  the  Laurentian  and  the  well- 
defined  Huronian  in  the  northwest,  led  to  the  suspicion  that  these 
halleflintas  might  belong  to  an  intermediate  series. 

C.  H.  Hitchcock  has  pointed  out  that  the  characteristic  Hu- 
ronian rocks  do  not  form  the  higher  parts  of  the  Green-Mountain 
range  in  Vermont,  which  he  conceives  to  belong  to  an  older  gneis- 
sic  series,  a  conclusion  which  the  writer  regards  as  premature. 
Hitchcock,  however,  in  his  final  report  on  the  geology  of  New 
Hampshire,  in  1877,  adopts  the  name  of  Huronian  for  the  crys- 
talline rocks  of  the  Altered  Quebec  group  of  Logan,  which  makes 
up  the  chief  part  of  the  Green-Mountain  range  in  the  province 
of  Quebec,  is  largely  developed  along  it  in  Vermont,  and  appears 
in  a  parallel  belt  farther  east,  which  extends  southward  into  New 
Hampshire.  In  his  tabular  view  of  the  geological  groups  in  this 
State,  Hitchcock  assigns  to  these  rocks  a  thickness  of  over  12,000 
feet,  with  the  name  of  Upper  Huronian,  while  he  designates  as 
Lower  Huronian  the  petrosilex  series  of  eastern  Massachusetts, 
already  noticed,  where  these  rocks  are  of  great  though  undeter- 
mined thickness.  The  similar  petrosilex  or  halleflinta  rocks  in 
Wisconsin,  where  they  have  lately  been  described  by  Irving  as 
Huronian,  have,  according  to  this  observer,  a  thickness,  in  a  single 
section,  of  3,200  feet.  They  here  sometimes  become  schistose, 
and  are  interbedded  with  unctuous  schists,  and  rest  in  apparent 
conformity  upon  a  great  mass  of  quartzites.  The  general  high 
inclination  and  disturbed  condition  both  of  this  series  and  of  the 
typical  Huronian  renders  the  determination  of  their  thickness 
difficult.     The  maximum  thickness  of  the  Huronian  (excluding 
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the  petrosilex  series)  to  the  south  of  Lake  Superior  may,  ac- 
cording to  Major  Brooks  exceed  12,000  feet,  while  the  estimates 
of  Credner  and  Murray,  respectively,  for  this  region  and  for  the 
north  shore  of  Lake  Huron,  are  20,000  and  18,000  feet. 

As  regards  the  Laurentian,  there  exists  a  certain  confusion  of 
nomenclature  which  requires  explanation.  As  originally  described, 
it  includes,  as  already  said,  a  basal  granitoid  gneiss  without  lime- 
stones, which  the  writer  has  elsewhere  designated  the  Ottawa 
gneiss,  and  of  which  the  thickness  is  necessarily  unknown.  Suc- 
ceeding this  is  the  Grenville  series  of  Logan,  having  for  its 
base  a  great  mass  of  crystalline  limestone,  and  consisting  in 
addition  to  this  of  gneisses,  generally  hornblendic,  and  quartzites, 
interstratified  with  similar  limestones.  To  this  series,  as  seen 
north  of  the  Ottawa,  Logan  assigned  an  aggregate  thickness  of 
over  17,000  feet,  though  the  later  measurements  of  Vennor  in  the 
region  south  of  the  Ottawa  give  to  it  a  much  greater  volume. 
The  geographical  distribution  of  this  limestone-bearing  Grenville 
series  gives  probability  to  the  suggestion  of  Vennor  that  it  rests 
unconformably  upon  the  basal  Ottawa  gneiss. 

These  two  divisions  constitute  what  was  designated  by  Logan 
in  his  Geological  Atlas,  in  1865,  the  Lower  Laurentian,  the  name 
of  Upper  Laurentian  or  Labradorian  being  then,  for  the  first  time, 
given  by  him  to  a  series  supposed  to  overlie  unconformably  the 
former,  of  which  it  had  hitherto  been  regarded  as  constituting  a 
part.  This  third  division  has  already  been  referred  to  as  charac- 
terized by  the  predominance  of  great  bodies  of  gneissoid  or 
granitoid  rocks,  composed  chiefly  of  labradorite  or  related  an- 
orthic  feldspars,  and  apparently  identical  with  the  norites  of 
Scandinavia.  With  these  basic  rocks  ai*e  interstratified  crys- 
talline limestones,  quartzites  and  gneisses,  all  of  which  resemble 
those  of  the  Grenville  series.  This  upper  group,  for  which  the 
writer  in  1871  proposed  the  name  of  Norian,  was  supposed  by 
Logan  to  be  not  less  than  10,0Q0  feet  thick. 

For  further  details  of  the  history  of  these  various  groups  of  pre- 
Cambrian  rocks,  and  ttveir  distribution  in  North  America,  the 
reader  is  referred  to  a  volume  published  in  1878  by  the  Second 
Geological  Surve}*  of  Pennsylvania,  being  Part  I  of  the  writer's 
report  on  Azoic  Rocks,  and  intended  as  a  historical  introduction 
to  the  subject. 
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III.  The  History  op  Pre-Cambrian  Rooks  in  Great  Britain. 

In  an  address  before  this  Association  in  1871,  in  which  the 
writer  maintained  the  Huronian  age  of  a  portion  of  the  crys- 
talline schists  of  New  England  and  Quebec,  he  further  expressed 
the  opinion,  based  in  part  upon  his  examinations  at  Holyhead  in 
1867,  and  in  part  upon  the  study  of  collections  in  London,  that 
certain  crystalline  schists  in  North  Wales  would  be  found  to  be- 
long to  the  Huronian  series.  The  rocks  in  question  were  by 
Sedgwick,  in  1838,  separated  from  the  base  of  the  Cambrian,  as 
belonging  to  an  older  series,  but  were  subsequently  by  Delabeche, 
Murchison  and  Ramsay,  described  and  mapped  as  altered  Cam- 
brian strata,  with  associated  intrusive  syenites  and  feldspar-por- 
phyries. 

In  South  Wales,  at  St.  David's  in  Pembrokeshire,  is  another 
area  of  crystalline  rocks  which  the  geological  survey  of  Great 
Britain  had  mapped  as  intrusive  syenite,  granite  and  felstone, 
(petrosilex-porphyry)  having  Cambrian  strata  converted  into  crys- 
talline schists  on  one  side,  and  unaltered  fossiliferous  Cambrian  beds 
on  the  other.  So  long  ago  as  1864,  Messrs.  Hicks  and  Salter 
were  led  to  regard  the  granitoid  and  porphyritic  rocks  as  pre- 
Cambrian,  and  in  1866  concluded  that  they  were  not  eruptive, 
but  stratified  crystalline  or  metamorphic  rocks.  After  further 
study,  Hicks,  in  connection  with  Harkness,  published  in  1867 
additional  proofs  of  the  bedded  character  of  these  ancient  crys- 
talline rocks,  and  in  1877  the  first  named  observer  announced  the 
conclusion  that  they  belong  to  two  distinct  and  unconformable 
series.  Of  these,  the  older  consisted  of  the  granitoid  and  por- 
phyritic felstone  rocks,  and  the  younger  of  greenish  crystalline 
schists,  the  so-called  Altered  Cambrian  of  the  official  geologists, 
both  of  these  being  overlaid  by  the  undoubted  Lower  Cambrian 
(Harlech  and  Menevian)  of  the  region,  which  holds  their  ruins 
in  its  conglomerates.  To  the  lower  of  the  pre-Cambrian  groups, 
Hicks  gave  the  name  of  Dimetian,  and  to  the  upper  that  of  Pe- 
bidian.  The  last,  with  a  measured  thickness  of  8000  feet,  he 
supposed  to  be  the  equivalent  of  the  Huronian,  and  compared  the 
Dimetian  with  the  Upper  Laurentian  of  Logan. 

The  similar  crystalline  rocks  of  North  Wales,  already  noticed, 
were  now  studied  by  Prof.  T.  McKenny  Hughes  of  Cambridge, 
who  described  them  in  1878.     These  include  in  Carnarvpnshire 
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and  Anglesey  the  greenish  schists  which  the  writer  in  1871  re- 
ferred to  the  Huronian,  (pre-Cambrian  of  Sedgwick  and  Altered 
Cambrian  of  the  geological  survey)  ;  certain  granitoid  rocks  for- 
merly described  as  intrusive  syenite,  and  also  a  reddish  feldspar- 
porphyry,  which  forms  two  great  ridges  in  Carnarvonshire.  This 
latter  was  by  Prof.  Sedgwick  regarded  as  intrusive,  and  is  more- 
over mapped  as  such  by  the  geological  survey,  though  described 
in  Ramsay's  memoir  on  the  Geology  of  North  Wales  as  probably 
the  result  of  an  extreme  metamorphism  of  the  lower  beds  of  the 
Cambrian.  The  pre-Cambrian  age  of  all  these  rocks  was  clearly 
shown  by  Hughes,  who  however  considered  that  the  whole  might 
belong  to  one  great  stratified  series ;  while  Hicks,  from  an  exami- 
nation of  the  same  region,  regarded  them  as  identical  with  the 
Dimetian  and  Pebidian  of  South  Wales. 

Dr.  Hicks  continued  his  studies  in  both  of  these  regions  in 
1878, — being  at  times  accompanied  by  Dr.  Torell  of  Sweden, 
Prof.  Hughes  and  Mr.  Tawney  of  Cambridge,  and  the  writer, — 
and  was  led  to  conclude  that  besides  the  chloritic  schists  and 
greenstones  (diorites)  of  the  Pebidian,  and  the  older  granitoid 
and  gneissic  rocks,  there  exists,  both  in  North  and  South  Wales, 
a  third  independent  and  intermediate  series,  to  which  belong  the 
stratified  petrosilex  or  quartziferous  porphyries  already  noticed. 
These  are  sometimes  wanting  at  the  base  of  the  Pebidian,  and  at 
other  times  form  masses  some  thousands  of  feet  in  thickness.  At 
one  locality,  near  St.  David's,  a  great  body  of  breccia  or  conglom- 
erate consisting  of  fragments  of  the  petrosilex  united  by  a  crys- 
talline dioritic  cement,  forms  the  base  of  the  Pebidian.  For  this 
intermediate  series,  which  constitutes  the  quartziferous  porphyry 
ridges  of  Carnarvonshire,  Dr.  Hicks  and  his  friends  proposed  the 
name  of  Arvonian,  from  Arvonia,  the  Roman  name  of  the  region. 

This  important  conclusion  was  announced  by  Dr.  Hicks  at  the 
meeting  of  the  British  Association  for  the  Advancement  of  Science 
at  Dublin,  in  August  1878.  The  writer,  previous  to  attending 
this  meeting,  had  the  good  fortune  to  examine  these  various  pre- 
Cambrian  rocks  in  parts  of  Carnarvonshire  and  Anglesey  with 
Messis.  Torell  and  Tawney.  Subsequently,  in  company  with  Dr. 
Hicks,  he  visited  the  region  in  South  Wales  where  these  older 
rocks  bad  been  studied,  and  was  enabled  to  satisfy  himself  of  the 
correctness  both  of  the  observations  and  the  conclusions  of  Dr. 
JlickSj^and  of  the  complete  parallelism   in  stratigraphy  and  in 
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mineral  composition  between  the  pre-Cambrian  rocks  on  the 
two  sides  of  the  Atlantic.  It  may  here  be  mentioned  that  Dr. 
Torell,  who,  during  his  visit  to  America,  in  1876,  had  an  oppor- 
tunity of  studying  with  the  writer  the  petrosile3^,es  of  New  Eng- 
land and  of  Pennsylvania,  which  he  regarded  as  identical  with 
the  halleflinta  of  Sweden,  at  once  recognized  them  in  the  Ar- 
vonian  series  of  North  Wales. 

Of  the  many  areas  of  these  various  pre-Cambrian  rocks  which 
the  writer  was  enabled  to  examine  in  company  with  Dr.  Hicks, 
may  be  mentioned  the  granitoid  mass  of  Twt  Hill  in  the  town  of 
Carnarvon,  and  the  succeeding  Arvonian  to  Port  Dinorwic,  fol- 
lowed, across  the  Menai  Strait,  by  the  Pebidian  on  the  Island  of 
Anglesey,  near  the  Menai  bridge.  Further  on,  the  Pebidian  was 
again  met  with  near  the  railway-station  of  Ty  Croes,  in  the  south- 
west part  of  the  island,  succeeded  by  a  large  body  of  Arvonian 
petrosilex,  and  a  ridge  of  granitoid  gneiss,  fragments  of  which 
form  a  breccia  at  the  base  of  the  Arvonian  series.  The  Pebidian 
is  again  well  displayed  at  Holyhead. 

In  Soulh  Wales,  the  similar  rocks  were  examined  by  him  at  St. 
David's,  where  three  small  bands  of  an  impure,  coarsely  crystalline 
limestone  are  included  in  the  Dimetian  granitoid  rock,  which  is 
here  often  exceedingly  quartzose.  It  may  be  remarked  that  the 
Dimetian,  as  originally  defined  at  this,  its  first  recognized  locality, 
included  a  great  mass  of  Arvonian  petrosilex,  the  two  forming  a 
ridge  which  extends  for  some  miles  in  a  northeast  direction,  flanked 
by  Pebidian  rocks,  which  are  sometimes  in  contact  with  the  one 
and  sometimes  with  the  other  series.  At  Clegyr  bridge  was  seen 
the  base  of  the  Pebidian,  already  mentioned  as  consisting  of  a  con- 
glomerate of  Arvonian  fragments.  Another  belt  of  the  same 
crystalline  rocks  was  also  visited  a  few  miles  to  the  eastward  of 
the  last,  and  not  far  from  Haverfordwest,  forming,  according 
to  Hicks,  a  ridge  several  miles  in  length  and  about  a  mile  wide. 
Where  seen  at  Roch  Castle  it  was  found  to  consist  of  Arvonian 
petrosilex,  with  some  granitoid  rock  near  by.  The  ridge  is  flanked 
on  the  northwest  side  by  Pebidian  and  Cambrian,  and  on  the 
southeast  by  Silurian  strata,  let  down  by  a  fault. 

On  the  shore  of  Llyn  Padarn,  near  the  foot  of  Snowdon,  in 
North  Wales,  the  porphyritic  petrosilex  of  the  Arvonian  is  again 
well  displayed,  while  in  contact  with  it,  and  at  the  base  of  the 
Llanberris  (Lower  Cambrian)  slates,  is  a  conglomerate  made  up 
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almost  wholly  of  the  petrosilex.  This  locality  was  supposed  by 
Prof.  Ramsay  and  others  to  show  that  the  petrosilex  is  the  result 
of  a  metamorphosis  of  the  lower  portion  of  the  Cambrian,  the 
conglomerates  being  regarded  as  beds  of  passage.  The  writer, 
after  a  careful  examination  of  the  locality,  agrees  with  Messrs. 
Hicks,  Hughes  and  Bonney  that  there  is  no  ground  for  such  an 
opinion,  but  that  the  conglomerate  marks  the  base  of  the  Cam- 
brian, which  here  reposes  on  Arvonian  rocks,  and  is  chiefly  made 
up  of  their  ruins.  In  like  manner,  according  to  Prof.  Hughes, 
the  Cambrian  in  other  parts  of  this  region  includes  beds  made 
up  of  the  debris  of  adjacent  granitoid  rocks. 

These  petrosilex-conglomerates  of  Llyn  Padarn  are  indistin- 
guishable from  those  found  at  Marblehead  and  other  localities 
near  Boston,  Massachusetts,  which  have  been,  in  like  manner,  in- 
terpreted as  evidences  of  the  secondary  origin  of  the  adjacent  pe- 
trosilex beds,  into  which  they  have  been  supposed  to  graduate. 
The  writer  has,  however,  always  held,  in  opposition  to  this  view, 
that  these  conglomerates  are  really  newer  rocks,  made  up  from 
the  ruins  of  the  ancient  petrosilex.  He  has  found  similar  petro- 
silex conglomerates  at  various  points  on  the  Atlantic  coast  of 
New  Brunswick,  of  Lower  Cambrian,  Silurian  and  Lower  Car- 
boniferous ages,  all  of  which  have,  in  their  turn,  been  regarded 
by  others  as  formed  by  the  alteration  of  strata  of  these  geological 
periods.  The  evidence  now  furnished  in  South  Wales  of  still 
older  (Huronian)  beds  of  petrosilex-conglomerate  should  be  noted 
by  students  of  North  American  geology.  From  observations  near 
Boston,  made  by  one  of  my  former  pupils,  I  have  for  some  time 
suspected  the  existence  of  petrosilex-conglomerates  of  pre-Cam- 
brian  age. 

To  the  eastward  of  the  localities  already  noticed  in  Wales  are 
some  other  small  areas  of  crystalline  rocks,  including  those  of 
the  Malverns,  and  the  Wrekin  and  other  hills  in  Shropshire — all 
of  which  appear  as  islands  among  Cambrian  strata;  and  those 
of  Charnwood  Forest  in  Leicestershire,  which  rise  in  like  man- 
ner among  Triassic  rocks.  The  Wrekin,  regarded  by  Murchison 
as  a  post-Cambrian  intrusion,  has  been  shown  by  Callaway  to  be 
unconformably  overlaid  by  Lower  Cambrian  strata,  and  consists 
in  part  of  bedded  greenstones  and  in  part  of  banded  reddish  pe- 
trosilex-porphyries,  closely  resembling  the  Arvonian  of  Wales 
and  the  corresponding  rocks  of  North  America.     The  geology 
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of  Charnwood  has  within  the  past  two  years  been  carefully 
studied  by  Messrs.  Hill  and  Bonney.  The  ancient  rocks  of  this 
region  are  in  part  crystalline  schists  (embracing  in  the  opinion 
of  Dr.  Hicks  and  of  the  writer,  who  have  seen  collections  of  them, 
representatives  both  of  the  Pebidian  and  the  Arvonian  of  Wales) 
and  in  part  eruptive  masses,  including  the  granitic  rocks  of  Mount 
Sorrel. 

There  is  not  so  far  known  in  the  British  localities  already  men- 
tioned, any  representative  either  of  the  Taconian  or  Itacolumite 
group,  or  of  the  white  micaceous  gneisses  with  micaceous  and 
homblendic  schists  which  I  have  designated  the  Montalban  series. 
I  have,  however,  found  the  latter  well  displayed  in  Ireland,  in  the 
Dublin  and  Wicklow  Hills.  The  probable  presence  both  of  this 
series  and  of  the  Huronian  in  the  northwest  of  Ireland  was 
pointed  out  by  me  in  1871,  and  I  have  there  lately  seen  the  Hu- 
ronian on  Lough  Foyle,  as  also  in  Scotland  in  various  parts  of 
Argyleshire  and  Perthshire,  as  along  the  Crinan  Canal,  and  in  the 
vicinity  of  Loch  Etive  and  Loch  Awe.  From  collections  sent 
me  by  Mr.  James  Thomson  of  Glasgow,  it  appears  that  both 
Huronian  and  Laurentian  rocks  occur  in  the  island  of  Islay. 

The  crystalline  schists  of  Charnwood  offer,  as  was  pointed  out 
by  Messrs.  Hill  and  Bonney,  many  resemblances  with  parts  of  the 
Ardennian  series  of  Dumont,  of  France  and  Belgium.  These, 
which  have  been  in  turn  regarded  as  altered  Devonian,  Silurian 
and  Lower  Cambrian,  were,  as  shown  by  Gosselet,  islands  of  crys- 
talline rock  in  the  Devonian  sea,  and  in  one  part  include  argillites 
with  impressions  of  Oldhamla  and  an  undetermined  graptolite. 
These  rocks  have  been  described  in  detail  in  the  admirable  memoir 
of  de  la  ValUe  Poussin  and  Renard.  The  writer  had  the  good  for- 
tune in  1878  to  visit  this  region,  and,  in  company  with  Gosselet 
and  Renard,  to  examine  the  section  along  the  valley  of  the  Meude. 
The  crystalline  rocks  here  displayed  greatly  resemble  those  of  the 
American  Huronian,  in  which  may  be  found  represented  nearly  all 
.  the  types  described  by  the  authors  in  the  memoir  just  mentioned. 
It  would  be  easy  to  extend  farther  this  review  of  the  late  advances 
made  in  the  study  of  the  ancient  crystalline  rocks,  but  the  writer 
wishes  to  confine  himself  to  those  regions  which  he  has  lately 
examined. 

Conclusions. 

1.  The  Pebidian  of  Hicks  has  both  the  lithological  characters 
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and  the  stratigraphical  position  of  the  Huronian  of  North  Amer- 
ica, to  which  he  has  already  compared  it. 

2.  The  Arvonian  is  in  like  manner  identical  with  the  Halieflinta 
group  of  Sweden  and  with  the  Petrosilex  group  of  North  America, 
which  the  writer  had  provisionally  included  in  the  lower  part  of 
the  Huronian,  and  which  Hitchcock  subsequently  called  Lower 
Huronian.  The  fact  that  there  is  in  Wales  a  stratigraphical  break 
between  it  and  the  overlying  Huronian  will  help  to  explain  the 
frequent  absence  of  the  Arvonian  at  the  base  of  the  Huronian  in 
many  of  its  American  localities. 

8.  The  Dimetian,  including  the  granitoid  and  gneissic  rocks 
with  limestone  bands,  so  far  as  can  be  seen  in  the  limited  out- 
crops, is  indistinguishable  from  parts  of  the  Laurentian  of  North 
America.  It  was  from  a  misconception  that  Dr.  Hicks  in  1878 
provisionally  compared  the  Dimetian  with  the  Upper  Laurentian, 
a  name  at  one  time  used  by  the  geological  survey  of  Canada  to 
designate  the  Norian  series,  which,  in  some  parts  of  North  Amer- 
ica, overlies  unconformably  the  Laurentian.  Hicks  at  the  same 
time  designated  as  Lower  Laurentian  the  gneiss  of  the  Hebrides 
(Lewisian  of  Murchison),  which  he  believed  to  be  distinct  from 
and  older  than  the  Dimetian.  These  two  apparently  correspond 
to  the  Ottawa  and  Grenville  divisions  of  the  proper  Laurentian 
in  Canada,  and  perhaps  to  the  Bojian  and  Hercynian  gneisses  of 
Giimbel  in  Bavaria. 

[The  following  Is  a  partial  list  of  publications  relating  to  the  rocks  no- 
ticed in  part  III  of  this  paper.  In  the  Quar.  Jour.  Geol.  Soc.  of  London 
are  as  follows :  on  these  rocks  In  Wales ;  Hicks,  May  1877,  p.  280 ;  Hicks 
and  Davies,  Feb;  1878,  p.  147,  and  May  1878,  p.  163 ;  Hughes  and  Bonney, 
Feb.  1778,  p.  187;  Hicks  and  Davies,  May  1879,  p.  286;  Hicks  and  Bon- 
ney, Ibid.  p.  296 ;  Bonney,  Ibid.  p.  809 ;  Bonney  and  Houghton,  Ibid.  p. 
821;  Hughes,  Nov.  1879,  p  682;  Maw.  Aug.  1878,  p.  764;  also  Hicks, 
rocks  of  Ross-shire,  Nov.  1878,  p.  811. 

On  these  rocks  in  Shropshire  In  the  same  journal ;  Allport,  Aug.  1877, 
p.  449 ;  Callaway,  Nov.  1877,  p.  663 ;  and  Aug.  1878,  p.  764 :  Callaway  and 
Bonney,  Nov.  1879,  p.  648. 

On  these  rocks  in  Charnwood  Forest  In  the  same  Journal;  Hill  and 
Bonney,  Nov.  1877,  p.  763,  and  May  1878,  p.  199. 

See  farther  Hunt,  Chemical  and  Geological  Essays,  pp.  34,  269,  270, 272, 
278  and  383 ;  also  his  Azoic  Rocks,  part  I,  (Second  Geol.  Survey  of  Penna. 
1878),  pp.  187,  188. 

For  the  rocks  of  the  Ardennes  see  Memoire  sur  les  Roches  dites  pln- 
toniques  etc. ;  de  la  VaU6e  Poussin  and  Renard,  (4to  pp.  264)  from  Me- 
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moires  de  I'Acad.  Rojale  de  la  Belgique,  1876;  Memoire  snr  la  Coxnp. 
Min^ralogique  da  Coticule,  Renard,  fVom  the  same  for  1877,  and  the 
Mineral  and  Microscopical  Characters  of  the  Belgian  Whetstones  by  Re- 
nard,  Monthly  Microscopical  Journal  for  1877,  vol.  XVII,  p.  269.  Also 
Gosselet  and  Malaise,  Terrain  Sllarian  des  Ardennes,  Bull.  Acad.  Roy. 
de  la  Belgique,  (2)  tom  26,  No.  7,  1868;  Dewalque,  Terrain  Cambrian  det 
Ardennes,  Ann.  Soc.  66ol.  de  la  Belgique,  tom  I,  p.  63,  and  farther  Hunt, 
Chem.  and  Geol.  Essays,  p.  270.] 


APPENDIX. 


Since  the  above  paper  was  read  the  writer  has  received  (November 
1879)  a  private  communication  ft'om  Prof.  L.  W.  Bailey,  giving  his  latest 
results  as  to  the  pre-Cambrian  rocks  of  southern  New  Brunswick,  which 
confirm  what  has  already  been  said  about  that  region.  Bailey  separates 
the  Huronian  into  a  lower  division,  for  which  ho  now  reserves  the  name  of 
Coldbrook,  consisting  chiefly  of  petrosllex  rocks,— and  an  upper  division 
including  the  typical  Huronian  rocks,  called  by  him  the  Coastal  group. 
He  adds  that  there  is  between  the  two,  a  marked  physical  break,  which  is 
Indicated  by  a  stratigraphical  discordance,  and  by  the  presence  in  the 
lower  part  of  the  Coastal  group  of  coarse  conglomerates  made  up  from 
the  ruins  of  the  Coldbrook  or  underlying  division.  This  corresponds  to 
the  break  between  the  similar  Arvonian  and  Huronian  series  In  South 
Wales. 

At  the  meeting  of  the  British  Association  for  the  Advancement  of 
Science  at  Sheffield,  in  August  1879,  Dr.  Hicks  read  a  paper  on  the  Classi- 
fication of  the  pre-Cambrian  Rocks,  which  Is  published  in  the  Geological 
Magazine  for  Oct.  1879.  He  concludes  that  the  Pebidian  is  "a  group  of 
enormous  thickness,  which  is  largely  distributed  over  Great  Britain, 
where  it  has  a  prevailing  strike  of  N.  N.  E.  and  S.  S.  W.,  or  from  this  to 
N.  E.  to  S.  W."  In  addition  to  the  localities  which  we  have  already  men- 
tioned in  Great  Britain,  he  notes  its  occurrence  In  Shropshire  and  in 
Cbarnwood  Forest,  and  also  in  the  northwest  of  Scotland,  where,  as 
elsewhere,  it  enters  largely  into  the  Lower  Cambrian  conglomerates. 
The  group  is  concisely  described  by  him  as  consisting  **  for  the  most  part 
of  chloritic,  talcose,  feldspathlc  and  micaceous  schistose  rocks,  alternat- 
ing with  slaty  and  massive  greenstones,  dolomitic  limestones,  serpen- 
tines, lavi^flows,  porcellanltes,  breccias  and  conglomerates.  It  is  also 
traversed  frequently  by  dykes  of  granite,  dolerite,  etc." 

The  conglomerates  at  the  base  of  the  Huronian  in  Wales  are  largely 
made  up  of  masses  derived  from  the  Arvonian,  with  which  it  *'is  un- 
doubtedly, at  most  of  the  points  examined,  unconformable."  This  Ar- 
vonian series.  Hicks  regards  as  identical  with  the  great  Halleflinta  group 
of  the  Swedish  geologists  and  with  the  Petrosllex  series  which  the  writer 
has  made  known  in  America.  In  addition  to  the  localities  of  it  already 
mentioned  in  the  British  Isles,  Hicks  notes  its  occurrence  in  the  Harlech 
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Mountains  and  the  Orkneys,  and  probably  also  in  the  Western  Islands  and 
in  the  Grampians  of  Scotland.  Its  strike,  in  the  regions  examined  by 
him,  is  generally  about  N.  and  S. 

As  regards  the  granitic  Dimetian  group,  the  strike  of  which  is  N.  W. 
and  S.  E.,  or  from  this  to  N.  and  S.,  Dr.  Hicks  adds  to  the  localities  in 
Wales,  already  noticed,  its  occurrence  in  the  Malvern  chain,  especially  in 
the  Worcester  Beacon,  and  cites  Dr.  Callaway  as  authority  for  its  exist- 
ence in  Shropshire.  Hicks  farther  notes  its  presence  at  several  points  in 
the  northwest  Highlands  of  Scotland.  From  this  series  of  light-colored 
gneisses,  often  very  quartzose,  with  limestone  bands,  he  separates,  as  we 
have  seen,  under  the  name  of  Lewlsian,  (proposed  by  Murchlson  for  the 
ancient  gneisses  of  Lewis  and  others  of  the  Hebrides  Isles)  these,  and 
similar  reddish  and  dark-colored  hornblendlc  gneisses,  which  are  found  in 
parts  of  the  Malvern  chain,  In  the  northwest  of  Ireland,  and  possibly  also 
in  Anglesey.  This  series,  according  to  Dr.  Hicks,  is  unconformably  over- 
laid by  the  Dimetian,  in  which  brecciated  beds  hold  fragments  of  the 
older  Lewlsian  gneisses.  The  strike  in  these  older  gneisses  **  is  usually 
£.  and  W.,  or  some  point  between  that  and  N.  W.  and  S.  E.** 

Dr.  Hicks  concludes  his  recent  paper  by  remarking  that  the  chief  part  of 
these  ancient  rocks  in  Great  Britain  **  were,  until  recently,  supposed  to  be 
either  intrusive  masses,  or  altered  sediments  belonging  to  tolerably  re- 
cent times,"  and  adds  *Mt  is  becoming  more  and  more  an  acknowledged 
fadt  that  the  metamorphlsm  of  great  groups  of  rocks  does  not  take  place 
so  readily  as  was  formerly  supposed,  but  that  some  special  conditions, 
such  as  do  not  appear  to  have  prevailed  over  this  area  since  pre-Cambrian 
times,  were  necessary  to  produce  so  great  a  result." 

The  reader  in  this  connection  is  referred  to  the  abstract  of  a  memoir 
communicated  by  the  writer  to  the  British  Association  at  Dublin,  August 
1878,  on  The  Origin  and  the  Succession  of  the  Crystalline  Rocks  of  North 
America,  which  will  be  found  in  the  Geological  Magazine  for  that  year 
(page  466)  as  well  as  in  Nature^  vol.  18,  page  44S. 

T.  S.  H. 
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Notice  of  the  Occurrence  of  Rocks  Represektino  the  Mar- 
CELLUS  Shale  of  New  York,  in  Central  Ohio.  By  R. 
P.  Whitfield,  of  New  York,  N.  Y. 

During  the  month  of  August,  1878,  while  making  some  hur- 
ried geological  observations  in  the  limestone  region  of  central 
Ohio,  in  company  with  Prof.  Edward  Orton  of  the  Ohio  Geologi- 
cal Survey,  we  came  rather  unexpectedly  Upon  a  bed  of  dark 
brown,  somewhat  fissile,  bituminous  shale,  in  the  lower  part  of 
what  has  been  considered  an  equivalent  of  the  Delaware  limestone 
of  Delaware,  Ohio ;  a  formation,  which,  in  the  region  where  we 
were  examining  it,  consists  of  thin-bedded,  somewhat  shaly  layers 
of  limestone,  although  farther  north  in  Delaware  County  it  be- 
comes much  heavier  and  is  extensively  quarried  for  building  stone. 

The  peculiar  texture  of  the  shale,  occurring  where  I  had  reason 
to  expect  only  a  light-colored  limestone,  at  once  excited  my 
interest,  and  after  a  few  minutes  examination  I  obtained  several 
pieces,  the  surfaces  of  which  contained  numbers  of  the  flattened 
shells  .of  Leiorhynchua  limitaris  Vanuxem,  two  individuals  of 
Discina  minuta  and  examples  of  Lingvla  Manni  Hall.  The  two 
former  species,  being  strictly  characteristic  of  the  Marcellus  Shale 
in  New  York  and  occurring  in  a  bituminous  shale  of  similar 
character,  induced  me  to  believe  that  these  shales  belonged  to  that 
formation.  On  further  examination,  we  found  the  shale  of  like 
character  extending  through  a  thickness  of  several  feet,  and  to 
contain  great  numbers  of  the  Leiorhynchua,  Having  but  little 
time  to  spare  no  effort  was  made  to  trace  the  bed  beyond  the 
point  examined,  Prof.  Orton  promising  to  have  them  more  thor- 
oughly worked  and  to  furnish  a  section  of  the  rocks. 

On  the  following  day,  while  examining  a  section  of  the  same 
formations  at  a  point  nearly  opposite  the  town  of  Dublin,  Ohio, 
some  miles  north  of  the  first  mentioned  locality,  the  same  shale 
was  again  recognized  at  a  corresponding  horizon,  containing  the 
same  fossils ;  the  Leiorhynchua  occurring  in  abundance,  and  sub- 
sequently Diacina  I/>denaia  Hall,  was  also  obtained.  At  this 
locality,  immediately  above  the  shale,  and  while  the  bituminous 
character  is  still  retained  in  part,  the  layers  become  thicker  and 
more  calcareous  and  their  surfaces  covered  with  the  shells  of 
TentacuXitea  acicvla  Hall,  and  Spirifer  gregaria  Clapp^    The  for- 
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mer,  a  very  characteristic  species  of  the  limestones  at  Delaware, 
Ohio. 

A  section  of  the  rocks  at  the  first  mentioned  locality,  six  miles 
northwest  of  Columbus,  in  Perry  township  and  on  the  east  bank 
of  the  Scioto,  subsequently  furnished  me  by  Prof.  Orton,  is  as 
follows : — 


32scc: 


The  lower  bed,  No.  1,  of  section,  is  a  heavy  bedded  limestone, 
about  thirty  feet  thick,  representing  the  Columbus  quarries,  in- 
cluding the  coral  beds  and  those  containing  the  large  Cephalopoda 
(Lower  Corniferous  of  the  Ohio  Geological  Reports). 

No.  2  it  a  thin  layer  of  limestone,  four  to  six  inches  thick, 
densely  filled  with  teeth,  plates  and  bones  of  fishes,  and  known  as 
the  "Bone  bed." 

No.  3.  Thirty  feet  of  thin  bedded,  shaly  limestone,  the  "Dela- 
ware beds"  of  the  Ohio  Reports.  The  upper  part  of  this  represents 
the  beds  at  Delaware,  Ohio,  which  contain  the  large  fish  remains. 

No.  4.  About  fifteen  feet  of  bluish,  somewhat  marly  shales, 
the  "Olentangy  Shales"  of  the  Ohio  Reports.  This  is  followed 
above  by  the  Huron  shales,  the  equivalents  of  Genesee  slate  and 
Portage  shales  of  New  York. 

Near  the  lower  part  of  No.  3  (at  a  on  section),  and  only  a  few 
feet  above  the  "bone  bed,"  occurs  the  dark  brown  shale  in 
question,  with  its  peculiar  fossils,  which  I  have  no  hesitation  in 
pronouncing  the  equivalent  of  the  Marcellus  Shale  of  New 
York. 

This  shale,  when  weathered,  is  light  ash  colored,  and  not  readily 
distinguished  from  the  thin  layers  of  the  limestone  above  and 
below;  and  consequently  may  be  readily  overlooked  in  passing 
over  the  ground  ;  but  when  freshly  broken,  the  lithological  features, 
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although  not  so  deeply  colored,  yet  8ufl9ciently  resemble  the 
Marcellus  Shale  of  New  York  as  to  be  readily  recognized, 
especially  when  seen  with  the  flattened  shells  of  Leiorhynchus 
limitaris  scattered  over  their  surfaces,  leaving  little  doubt  of  its 
geological  position. 

The  geological  importance  of  this  formation  among  the  rocks  of 
Ohio,  may  not  be  readily  recognized ;  but,  forming  as  it  does,  a 
dividing  line  between  the  lower  and  upper  Devonian,  as  between 
the  limestone  of  the  upper  Helderberg  and  those  which  are 
properly  referable  to  the  Hamilton  period,  it  will  have  great  value. 
It  is  scarcely  probable  that  it  will  be  found  absolutely  continuous 
over  the  entire  limestone  region,  retaining  its  bituminous  features 
and  carrying  its  characteristic  fossils ;  but  even  if  recognized  at 
a  few  localities,  which  it  undoubtedly  will  be  when  properly  sought 
for,  and  its  relative  position,  with  regard  to  the  other  beds, 
understood,  its  great  value  in  tracing  out  and  determining  the 
relative  age  of  many  of  the  Geological  and  Palseontological  fea- 
tures of  the  formations  of  the  state  will  be  readily  conceded; 
especially  as  regards  the  age  of  some  of  the  large  fish  remains, 
which  appear  to  occur  in  beds  above  this  shale,  and  would,  there- 
fore, seem  to  be  of  the  age  of  the  Hamilton  group  of  New  York, 
or  of  the  middle  instead  of  the  lower  Devonian,  as  heretofore 
supposed. 


The  Succession  of  Glacial  DEPOsrrs  in  New  England.      By 
Warren  Upham,  of  Nashua,  N.  H. 

The  drift  presents  great  diversities  in  material,  stratification 
and  contour.  Thus  some  of  the  conditions  under  which  its  de- 
posits were  formed  are  best  illustrated  in  New  England,  while 
other  areas  may  be  mentioned,  as  the  St.  Lawrence  valley,  the 
region  of  the  Great  Lakes,  the  Mississippi  valley,  and  the  country 
between  Lake  Superior  and  the  Rocky  Mountains,  which  differ 
much  from  this  district  and  from  each  other  in  their  glacial  for- 
mations. Though  diverse  in  their  features,  it  yet  appears  that  the 
drift  deposits  upon  all  these  areas  were  formed  in  the  same  period 
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and  by  a  common  cause,  owing  their  origin  directly  or  indirectly 
to  a  vast  ice-sheet  that  overspread  the  continent  north  from  the 
Columbia,  Missouri  and  Ohio  rivers  and  the  south  coast  of  New 
England.  A  comparison  of  any  of  these  limited  districts  with 
the  entire  field,  or  with  other  portions  of  it,  will  aid  us  to  under- 
stand more  fully  the  conditions  that  prevailed  in  this  glacial 
period.  It  is  proposed  here  to  contribute  for  this  end  a  brief 
account  of  the  drift  in  New  England,  as  to  the  stratigraphical 
order  of  its  deposits,  and  as  to  their  geographical  succession,  or 
that  which  would  be  noticed  in  passing  from  the  extreme  boun- 
dary of  glacial  action  northward. 

The  solid  rocks  upon  which  these  detrital  beds  lie  are  of  very 
uneven  contour,  rising  generally  in  irregular  groups  of  hills  arid 
ranges  of  highland  which  vary'  from  one  hundred  to  five  hundred 
feet  in  height  above  the  valleys,  while  many  tracts  are  mountains 
reaching  altitudes  from  one  thousand  to  six  thousand  feet  above 
the  sea.  These  ledges  are  everywhere  more  or  less  rounded, 
smoothed  and  striated,  except  on  steep  slopes  or  mountain-walls 
facing  to  the  south  and  southeast  which  have  been  sheltered 
from  this  abrasion.  The  course  of  the  striae  is  nearly  uniform 
within  limited  areas,  and  extends  with  scarcely  any  deviation 
over  lowlands  and  the  highest  ridges  and  summits.  For  the 
whole  of  New  England  it  varies  between  south  and  southeast. 
At  Portland,  Maine,  it  is  S.  20®  E. ;  in  the  White  mountains  and 
in  northern  New  Hampshire,  S.  45°  E. ;  at  top  of  Moosilauke 
and  Monadnock,  in  the  same  state,  S.  20*^  E. ;  on  Jay  Peak, 
Mt.  Mansfield  and  Camel's  Hump,  in  Vermont,  about  S.  E. ; 
in  the  northeast  corner  of  Massachusetts,  S.  30®  to  50®  E. ; 
elsewhere  in  the  eastern  part  of  this  state,  about  S.  20®  E. ; 
in  its  central  portion,  about  S.  10®  E. ;  on  the  mountains  of 
Berkshire  county,  S.  E. ;  in  Rhode  Island,  nearly  due  S. ;  in 
Connecticut,  generally  S.  S.  E.  Professors  J.  D.  Dana  and  C. 
H.  Hitchcock  have  called  attention  to  a  deflection  of  the  stri® 
along  the  Connecticut  and  Merrimack  rivers  to  a  course  due  south 
or  a  little  west  of  south,  conforming  with  the  direction  of  these 
valleys.  Exceptions  to  the  general'course  of  striation,  diverging 
from  it  10®  to  40®,  are  also  occasionally  found  in  all  parts  of  this 
area. 

I.  Of  the  superficial  deposits  which  cover  the  striated  ledges 
the  lowest  is  a  very  hard  and  compact  accumulation  of  boulders, 


Digitized  by  VjOOQ IC 


BT  WARRBK  UPHAM.  301 

gravel,  sand  and  clay,  indiscriminately  mingled,  with  no  marks  of 
stratification,  such  as  is  produced  by  currents  of  water.  The 
matrix  is  usually  clayey  and  dark  or  bluish  in  color,  its  iron 
being  mainly  in  an  imperfectly  oxidized  state.  After  exposure  of 
sections  in  this  deposit  to  the  weather,  this  clayey  detritus,  though 
filled  with  rock-fragments,  commonly  exhibits  a  kind  of  cleavage 
OF  lamination,  being  obscurely  divided  in  fiakes  one-eighth  to 
one-fourth  of  an  inch  thick,  parallel  with  the  slopes  of  the  surface. 
The  boulders  and  pebbles  which  abound  throughout  this  mass  are 
mostly  glaciated,  having  their  sides  planed  to  flat  surfaces  which 
often  retain  parallel  scratches  and  furrows  like  those  tliat  mark 
the  underlying  rock.  Owing  to  the  compactness  of  this  deposit, 
which  requires  it  to  be  loosened  by  a  pick  before  it  can  be  shov- 
elled, it  is  frequently  called  "  hard-pan."  It  appears  to  be  the 
same  with  the  lower  till  of  Scotland  and  Sweden ;  and  all  its 
characteristics  indicate  that  it  is  a  ground-moraine  accumulated 
beneath  the  moving  ice-sheet. 

II.  Next  above  this  deposit  are  occasionally  found  intercalated 
beds  of  day  and  sand^  lying  between  the  lower  and  upper  till.  At 
Portland,  Maine,  these  have  yielded  many  species  of  marine  fos- 
sils, of  species  which  are  still  living.  The  lower  till  underlying 
these  betis,  and  the  upper  till  above  them,  which  is  three  to  len 
feet  thick,  though  quite  unlike,  were  both  undoubtedly  of  direct 
glacial  origin.  It  is  evident,  therefore,  that  there  was  here  a 
warm  epoch,  wheji  the  ice-ft*ont  retreated,  after  which  the  arctic 
climate  returned  and  again  caused  it  to  advance,  covering  these 
interglacial  deposits.  In  the  vicinity  of  Winnipiseogee  lake 
frequent  beds  of  clay,  some  of  them  30  feet  thick,  occur  between 
the  two  kinds  of  till.  These  appear  to  be  destitute  of  organic 
remains,  and  their  occurrence  in  some  cases  upon  the  sides  of 
isolated  hills,  300  feet  above  the  lake,  suggests  that  they  were 
probably  deposited  in  hollows  beneath  the  ice,  without  such 
withdrawal  and  readvance  of  the  glacial  sheet. 

III.  Commonly  the  lower  till,  or  ground-moraine,  is  directly 
overlain  by  the  upper  tillj  which  appears  from  its  distinguishing 
features  to  be  material  that  was  contained  in  the  ice-sheet,  and 
was  deposited  at  its  melting.  The  separation  between  these 
divisions  of  the  unmodified  drift  is  in  most  cases  at  a  definite 
line,  with  a  distinct  contrast  between  the  two  deposits.  The  upper 
till  is  marked  by  its  looseness;  by  the  usually  larger  size,  and 
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the  rough  and  angular  forms,  of  its  boulders ;  by  its  gravelly  and 
sandy  detritus,  with  little  admixture  of  clay  ;  and  by  its  yellowish 
color,  due  to  the  presence  of  ferric  oxide.  This  deposit  generally 
exhibits  no  evidence  of  stratification  of  any  kind  ;  but  sometimes, 
especially  near  the  coast  in  Maine,  and  southward  to  Massachu- 
setts bay,  it  is  partly  stratified.  Its  thickness  is  usually  between 
one  and  five  feet,  but  occasionally  it  reaches  ten  or  even  twenty 
feet. 

The  boulders  which  occur  plentifully  in  both  the  lower  and 
upper  till,  being  of  all  sizes  up  to  ten  feet  or  rarely  twenty  to 
forty  feet  in  diameter,  are  identical  with  the  rock-formations 
which  are  crossed  in  going  from  them  to  the  north  and  north- 
west, showing  'that  they  have  been  transported  in  the  same  course 
with  the  striation  of  the  bed-rock.  By  thus  tracing  them  to  their 
parent  ledges,  it  is  found  that  they  have  mostly  been  gathered 
within  twenty  miles.  The  abundance  and  size  of  these  erratics 
diminish  in  proportion  to  the  distance  from  their  source  at  which 
we  search  for  them  ;  and  the  most  remote  origin  which  needs  to  be 
assigned  for  any  boulders  or  pebbles  found  in  the  drift  of  New 
Hampshire  during  the  recent  geological  survey  of  that  state  is 
eighty-five  miles. 

The  division  of  the  glacial  drift  as  here  described,  though  till 
recently  overlooked,  is  distinctly  shown  in  New  England,  as  also 
in  Scotland  and  Sweden,  and  seems  to  be  due  to  important  differ- 
ences in  the  mode  of  its  formation.  That  much  material  was 
pushed  along  beneath  the  ice-sheet  is  proved  by  the  worn  surface 
of  the  ledges.  The  flattened  and  striated  stones  of  the  lower  till 
appear  to  have  been  the  graving  tools  by  which  this  erosion  was 
effected.  The  compact  character  of  this  deposit,  its  dark  color, 
and  its  obscure  lamination,  also  indicate  that  it  was  a  ground- 
moraine.  On  the  other  hand,  it  must  be  seen  that  the  glacial 
sheet,  in  its  slow  progress  over  hills  and  mountains,  must  gather 
boulders  and  detritus  from  their  sides,  to  be  carried  onward  in  the 
ice- mass,  which  became  in  this  way  more  or  less  filled  with  the 
materials  of  the  drift,  at  least  to  the  height  of  the  ridges  and 
peaks  which  it  crossed.  At  the  final  disappearance  of  the  ice- 
sheet  these  materials  contained  in  it  were  exposed  to  the  washing 
of  the  rills,  rivers  and  floods  formed  u^x^n  its  rapidly  melting  sur- 
face. A  large  part  of  them  were  thus  removed  to  be  deposited  as 
modified  drift,  while  the  portion  which  remained  fell  loosely  upon 
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thi  surface  of  the  groand-moraine  or  of  the  interglacial  beds  over 
which  the  ice-sheet  had  readvanced.  This  explains  why  few  of 
the  boulders  in  the  upper  till  have  been  worn  or  rounded  ;  and  why 
its  iron,  long  exposed  to  air  and  watel-,  has  become  fully  oxidized, 
giving  to  this  deposit  its  yellowish  color. 

IV.  The  glacial  deposits  which  lie  above  that  last  defined  are 
all  of  the  class  embraced  under  the  title  of  modified  drift,  so 
called  because  its  materials,  derived  from  the  ice-sheet,  have  been 
worn,  assorted  and  deposited  in  layers  by  currents  of  water.  The 
oldest  of  these  formations  are  kames^  that  is,  long  ridges  or  knots 
of  interlocking  short  ridges  and  mounds,  composed  of  obliquely- 
bedded  gravel  and  sand,  which  usually  form  prolonged  series  ex- 
tending from  north  to  south.  In  the  Connecticut  and  Merrimack 
valleys,  these  deposits  form  ridges,  one  hundred  to  two  hundred  feet 
high,  which  are  clearly  continuous  in  each  case  for  more  than  twenty 
miles.  Other  series  of  kames  of  similar  extent  have  been  traced 
out  in  northeastern  Massachusetts  by  Rev.  G.  F.  Wright,  of 
Andover,  Mass. ;  but  their  finest  development  yet  found  in 
America  is  in  Maine,  where  Prof.  George  H.  Stone,  of  Kent's 
Hill,  in  that  state,  has  traced  twenty  or  more  series  which  vary 
in  length  from  five  to  one  hundred  miles.  The  height  of  these 
ridges  is  usually  less  than  one  hundred  feet  to  which  they  rise 
steeply,  the  slopes  of  their  sides  varying  from  15®  to  40*^.  Their 
material  in  some  cases  is  almost  entirely  very  coarse  gravel  with 
scarcely  any  layers  of  sand,  so  that  they  present  no  distinct  strat- 
ification. In  these  portions,  however,  they  are  shown  to  be  depos- 
its from  currents  of  water  because  their  pebbles  and  boulders, 
though  from  one  to  three  feet  in  diameter,  are  mostly  water  worn, 
having  their  sides  and  angles  considerably  smoothed  and  rounded, 
being  quite  different  from  the  rough  fragments  of  the  upper  till 
and  equally  unlike  the  bevelled  forms  of  stones  in  the  lower  till. 
The  predominance  of  pebbles,  and  the  rare  occurrence  or  entire 
absence  of  very  large  blocks  which  abound  in  the  adjacent  unmod- 
ified drift,  also  indicate  that  these  deposits  were  brought  by  tor- 
rents which  could  only  transport  rocks  of  a  limited  size,  and 
which  swept  onward  the  greater  part  of  the  fine  gravel  and  gand. 
Elsewhere  these  kames  consist  of  interstratified  gravel  and  sand 
which  mark  seasons  of  alternately  rapid  and  quiet  currents. 
Wherever  deep  valleys  are  found  extending  from  north  to  south 
kames  seem  to  occur  oftener  in  these  depressions  than  upon  the 
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intervening  highland ;  but  where  no  well-marked  valleys  e^^ist 
they  are  found  threading  their  way  in  a  south  or  south-southeast 
course  among  the  scattered  hills,  often  crossing  them,  with  undu- 
lations of  one  or  two  hundred  feet.  The  origin  of  these  remarka- 
ble gravel  ridges  appears  to  have  been  from  glacial  rivers  which 
flowed  from  the  surface  of  the  melting  ice-sheet  laden  with  gravel, 
sand  and  clay.  Near  the  edge  of  the  ice  which  formed  walls 
upon  each  side  of  these  floods  they  deposited  the  heaviest  part  of 
their  burden,  and  when  the  ice  beside  and  beneath  them  disap- 
peared these  beds  were  left  as  ridges  and  mounds  of  irregularly 
stratified  gravel  and  sand. 

V.  In  a  few  places,  plateaus  of  modified  drift  of  similar  origin 
with  the  kames  lie  between  streams  whose  valleys  seem  never  to 
have  been  filled.  The  plain  of  coarse  gravel  and  sand  about  Wil- 
land  pond  in  Dover,  N.  H.,  two  hundred  feet  above  the  Salmon 
Falls  and  Cochecho  rivers  on  each  side,  appears  to  be  of  this  class, 
having  been  laid  down  by  glacial  floods  while  these  adjoining  areas 
were  occupied  by  higher  ice-fields.  A  more  notable  example  of 
the  same  kind  is  the  extreme  portion  of  Cape  Cod,  where  the 
townships  of  Eastham,  Wellfleet  and  Truro  appear  to  have  been 
formed  in  this  manner  by  floods  poured  down  from  the  retreating 
glacial  sheet  which  still  bordered  them  with  walls  of  ice.  Mas- 
sive hills  and  broad  ridges  of  modified  drift,  which  probably  also 
belong  in  this  class,  occur  in  New  Hampshire  near  the  coast,  and 
at  Newbury  port,  Mass. 

VI.  Overlying  the  sides  of  the  kames  and  of  the  kame-like 
plains  and  broad  ridges,  and  sometimes  quite  covering  them,  is 
the  usually  much  more  extensive  and  conspicuous  valley  dnft^ 
consisting  of  gravel,  sand  and  clay,  found  in  all  valleys  that 
extend  southward  in  New  England.  In  portions  of  this  area 
where  such  depressions  do  not  exist,  these  deposits  were  spread 
in  plains  often  several  miles  wide  which  have  been  subsequently 
intersected  by  channels  of  drainage.  These  level  beds  of  modi- 
fied drift  appear  to  have  been  supplied  from  the  majterial  held  in 
the  ice-sheet,  and  were  borne  to  their  present  place  and  laid  down 
by  the  floods  which  descended  from  it  at  its  final  melting.  Their 
deposition  was  in  front  of  the  retreating  edge  of  the  ice-fields, 
and  they  generally  rest  upon  the  upper  till. 

In  the  principal  vallej^s  these  beds  have  been  excavated,  often 
to  the  depth  of  one  hundred  to  one  hundred  and  fifty  feet,  by  the 
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present  streams,  which  in  this  process  of  erosion  have  formed  suc- 
cessive flood-plains,  each  lower  than  the  preceding.  Each  of  these 
in  its  turn  has  been  cut  into  by  the  deepening  channel,  its  rem- 
nants being  left  as  terraces  on  the  sides  of  the  valley. 

The  finer  portions  of  these  deposits  were  carried  far  beyond  the 
termination  of  the  ice-sheet,  and  near  the  coast  in  eastern  Massa- 
chusetts, New  Hampshire  and  Maine  form  fossiliferous  marine 
beds  of  sand  and  clay.  These  occur  at  but  slight  elevation  above 
our  present  sea-level  near  Boston;  at  heights  ftom  thirty  to 
seventy-five  feet  above  the  sea  in  Portsmouth  and  Greenland, 
N.  H. ;  and  in  Maine  at  heights  which  increase  northward  to  two 
hundred  feet  or  more. 

Terminal  Moraines.  Having  now  considered  the  successive 
deposits  of  the  glacial  period  in  New  England  in  their  strati- 
graphical  order,  we  may  next  take  a  survey  of  this  area  as  to 
the  distribution  of  these  formations.  In  this  respect  it  is  most 
important  to  notice  its  southern  border  and  Long  Island  which 
exhibit  the  terminal  moraines  of  the  ice-sheet.  Across  northern 
New  Jersey  the  margin  of  the  glacial  drift  is  -marked  by  a  series 
of  very  irregular  hills,  composed  of  till  with  occasional  portions 
of  modified  drift,  which  have  been  traced  by  Professors  Cook  and 
Smock  from  the  Delaware  river  a  few  miles  above  Easton,  by 
Hackettstown,  Dover  and  Morristown  to  Perth  Amboy.  Stri®, 
till  and  boulders  find  their  southern  boundary  at  this  terminal 
moraine,  which  for  the  twelve  miles  between  Plainfield  and  Perth 
Amboy  is  well  known  by  the  name  of  Short  hills.  Its  continua- 
tion is  plainly  traceable  across  Staten  island,  and  it  forms  the 
sites  of  Forts  Tompkins  and  Hamilton  on  the  opposite  sides  of 
the  Narrows.  On  Long  Island  this  series  of  morainic  hills  is  very 
finely  exhibited,  extending  from  Fort  Hamilton  for  the  first  twen- 
ty-four miles  in  a  nearly  east-northeast  course  to  Roslyn ;  from 
which  it  runs  nearly  due  east  sixty  miles  to  Canoe  Place  and  the 
Shinnecock  hills;  next  it  turns  northeast  about  eight  miles  to 
near  Sag  Harbor ;  and  thence  its  course  is  east  and  east-northeast 
about  twenty-five  miles  to  Montauk  point,  at  the  east  extremity  of 
the  island.  This  range  of  hills  is  bordered  along  most  of  this 
distance  by  nearly  level  plains  on  both  sides,  and  so  striking  is 
its  topographic  efiect  that  long  ago  it  came  to  be  commonly  called 
"  the  backbone  of  the  island." 

From  the  Narrows  to  Roslyn  this  moraine  ranges  from  one 
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hundred  to  two  hundred  and  fifty  feet  in  height,  and  it  is  mainly 
composed  of  unmodified  drift  which  shows  on  the  surface  the 
characteristic  features  of  the  upper  till,  but  in  deep  excava- 
tions is  found  to  contain  glaciated  pebbles  and  boulders.  A 
part  of  it  thus  appears  to  have  been  brought  in  the  ice-mass 
and  dumped  at  its  border,  while  other  portions  were  pushed 
forward  from  beneath  the  glacial  sheet.  This  range  is  of  quite 
irregular  contour,  presenting  a  succession  of  hillocks,  ridges 
and  hollows.  It  is  well  seen  in  the  hilly  portions  of  Greenwood 
cemetery  and  Prospect  park,  and  at  Ridgewood  reservoir.  It 
passes  within  about  a  mile  north  of  Jamaica  and  Creedmoor,  and 
holds  Success  or  Lakeville  pond  near  its  top. 

Eastward  from  Roslyn  this  range  is  almost  wholly  composed  of 
modified  drifb,  being  waterworn  gravel  and  sand  with  few  or  no 
boulders.  These  deposits  are  distinctly  stratified,  but  often  with 
oblique  bedding,  and  seem  to  constitute  the .  entire  mass  of  hills 
from  two  hundred  to  nearly  four  hundred  feet  high.  Harbor  hill, 
the  highest  on  Long  Island,  situated  a  half  mile  east  from  Roslyn, 
is  of  this  kind,  its 'top  being  three  hundred  and  eighty-four  feet 
above  the  sea.  In  the  same  class  are  also  Jane's  hill,  the  highest 
of  the  West  hills,  three  hundred  and  fifty-four  feet ;  Ruland's,  the 
highest  of  the  Coram  hills,  three  hundred  and  forty  feet;  and 
Osborn's  or  Bald  hill,  a  few  miles  southwest  from  Riverhead, 
two  hundred  and  ninety-three  feet  in  height.  These  stratified  de- 
posits appear  to  have  been  accumulated  at  the  edge  of  the  ice- 
sheet,  by  fioods  which  flowed  down  from  its  surface  when  a  warmer 
climate  began  to  urge  its  retreat.  The  portion  of  this  moraine 
which  forms  the  peninsula  of  Montauk  ten  miles  long  and  rising 
in  hills  one  hundred  and  fifty  to  two  hundred  feet  high,  is  also  dis- 
tinctly stratified,  as  shown  in  the  clifis  undermined  by  the  sea 
along  its  south  shore ;  *but  these  beds  of  gravel,  sand  and  clay 
contain  frequent  embedded  boulders,  which  are  also  spread  very 
abundantly  upon  the  surface.  These  may  indicate  that  during  or 
after  the  Jiccumulation  of  the  stratified  drift,  the  ice-sheet  ad- 
vanced here,  covering  its  fiuvial  deposits  with  a  mantle  of  upper 

tm. 

The  part  of  Long  Island  south  of  this  series  of  hills  consists  of 
nearly  level  plains  of  fine  gravel  and  sand,  five  to  ten  miles  in 
width  and  extending  a  hundred  miles  in  length.  Their  north 
portion  at  the  foot  of  the  terminal  moraine  is  from  fifty  to  one 
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hundred  and  fifty  feet  above  the  sea,  from  which  height  they  slope 
gently  soathward.  These  plains  are  crossed  from  north  to  sonth  by 
numerous  ancient  water-courses,  ten  to  twenty-five  feet  deep  and 
one  hundred  to  three  hundred  feet  wide.  Mr.  Elias  Lewis,  jr.,  of 
Brooklyn,  has  explored  these,  finding  thirty  between  East  New 
York  and  Riverhead.  Most  of  them  are  now  dry  except  that  they 
contain  rivulets  within  one  to  three  miles  from  the  coast.  In 
some  cases  these  channels  are  found  to  continue  beneath  the 
southern 'bays  to  the  beach-ridge  by  which  they  are  ditided  from 
the  open  ocean.  These  plains  were  probably  deposited  by  the 
fioods  which  heaped  the  hills  of  modified  drift  along  the  ice- 
margin  ;  and  the  water-courses  mentioned  appear  to  have  been 
formed  by  the  same  fioods  at  their  lower  stages.  The  continuation 
of  these  channels  below  our  sea-level  shows  that  the  ocean  at  the 
latitude  of  Long  Island  did  not  rise  so  high  upon  the  land  in  the 
glacial  period  as  now  ;  though  it  appears  at  the  same  time  to  have 
stood  above  its  present  height  north  from  Massachusetts  bay. 

The  moraine  which  we  have  described  from  Delaware  river  to 
Montauk  point  next  appears  in  Block  island,  which  is  a  knot  of 
irregularly  grouped  drift-hills,  one  hundred  to  two  hundred  feet 
high,  closely  resembling  those  of  Montauk  in  their  stratified  char- 
acter with  boulders  embedded  in  them  and  strown  plentiftilly  over 
their  top.  It  next  rises  above  the  sea  at  No  Man's  Land  and  in 
the  northwest  part  of  Martha's  Vineyard,  where  it  forms  the  sur- 
face of  Gay  Head  and  makes  prominent  ranges  of  hills,  two  hun- 
dred to  three  hundred  feet  high.  It  is  here  composed  of  unmodi- 
fied drift  with  many  boulders,  and  overlies  fossiliferous  Tertiary 
strata.  Near  Vineyard  Haven  this  moraine  bends  southeastward, 
and  is  represented  by  Chappaquiddick  island,  at  the  east  end  of 
Martha's  Vineyard,  by  Tuckemuck  island,  and  by  Saul's  hills 
and  Sankaty  Head  on  Nantucket.  At  the  south  side  of  these  hills 
on  Martha's  Vineyard  and  Nantucket  islands  are  plains  of  modi- 
fied drift  crossed  by  frequent  water-courses  of  a  former  period, 
similar  to  those  of  Long  Island.  These  continue  beneath  the  sea 
which  fills  their  lower  portion  with  long  bays  or  ponds;  for  in 
many  cases  these  arms  of  the  sea  have  become  shut  in  by 
the  formation  of  a  beach-ridge.  All  the  numerous  ponds  shown 
by  maps  along  the  south  shore  of  these  islands  are  of  this  class ; 
proving,  as  already  noticed,  that  the  ocean  here  was  lower  than 
now  when  these  deposits  were  made. 
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A  later  terminal  moraine  of  the  ice-sheet,  accamulated  daring  a 
halt  in  its  final  retreat,  forms  the  north  shore  of  Long  Island  fVom 
Port  Jefferson  to  Orient  point,  rising  in  hills  one  hundred  to  two 
handred  feet  high.  Except  in  the  vicinity  of  Greenport  and 
Orient,  this  consists  of  modified  drift  with  only  occasional  bould- 
ers. It  is  separated  from  the  extreme  moraine  by  a  continuous 
series  of  plains,  five  or  six  miles  wide,  which  slope  southward  and 
are  crossed  from  north  to  south  by  old  channels  of  drainage,  as 
on  the  south  side  of  this  island.  This  second  moraine  north 
of  Orient,  and  in  Plum  and  Fisher's  islands,  which  are  its  contin- 
uation, consists  of  unmodified  drift  like  the  upper  till,  with  very 
abundant  boulders.  The  same  character  marks  it  in  Rhode  Island , 
where  it  is  finely  developed  in  a  series  of  hills,  one  hundred  to  two 
hundred  feet  high,  of  very  broken  contour,  which  extend  near  the 
shore  from  Watch  hill,  at  the  southwest  comer  of  the  state,  to  a 
point  about  two  miles  west  of  Point  Judith,  where  this  moraine 
appears  to  turn  southward,  passing  beneath  the  ocean.  Its  next 
appearance  is  in  the  Elizabeth  islands  which  form  a  chain  fifteen 
miles  long  with  an  average  width  of  one  mile.  Here  its  material 
is  unmodified  drift,  including  both  upper  and  lower  till,  which  form 
hills  from  fifty  to  one  hundred  and  seventy-five  feet  high,  with  the 
broken  outlines  and  alternate  elevations  and  depressions  that  usu- 
ally mark  these  morainic  deposits.  In  the  Elizabeth  islands  this 
series  has  an  east-northeast  course,  but  in  the  next  few  miles  on 
the  peninsula  of  Cape  Cod,  it  gradually  bends  to  a  direction  nearly 
due  north,  though  continuing  with  its  width,  height,  material  and 
contour  unchanged.  Its  north  course  continues  about  ten  miles  to 
a  point  about  a  mile  south  from  North  Sandwich,  where  it  turns  at 
a  right  angle  to  a  course  a  few  degrees  south  of  east,  and  thence 
extends  along  the  west- to-east  portion  of  the  cape  to  its  east 
shore  at  Orleans.  The  highest  part  of  this  range  is  near  its  angle 
in  Sandwich,  where  it  rises  two  hundred  to  three  hundred  feet 
above  the  sea.  This  portion  consists  principally  of  modified 
drift  with  few  boulders.  Farther  east  it  is  partly  modified  drift, 
often  with  numerous  boulders  embedded  in  it  and  sprinkled  upon 
its  surface ;  and  partly  unmodified,  with  very  abundant  angular 
blocks,  such  as  occur  in  the  upper  till. 

South  of  this  line  of  hills  on  Cape  Cod  are  plains  of  gravel  and 
sand,  five  to  ten  miles  wide  and  thirty  miles  long,  which  have  their 
upper  edge,  next  to  the  moraine,  seventy-five  to  two  hundred  feet 
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above  sea-level,  to  which  they  descend  by  a  gradual  slope,  so  that 
their  southern  edge  at  the  shore  is  only  ten  to  forty  feet  high. 
These  plains  are  crossed  by  ancient  north-to-south  water-courses, 
which  are  partly  filled  by  arms  of  the  sea,  as  on  Long  Island, 
Martha's  Vineyard  and  Nantucket.  It  is  also  to  be  noted  that 
they  occur  most  abundantly  in  Falmouth  and  Mashpee,  directly 
in  the  line  of  drainage  from  the  angle  of  the  terminal  moraine 
to  which  the  ice-sheet  sloped  from  both  sides  and  to  which 
consequently  its  floods  converged.  The  medial  moraine,  formed 
where  the  ice-currents  pushed  together  north  of  this  angle,  appears 
in  Manomet  and  Pine  hills,  which  constitute  a  gigantic  ridge 
of  coarsely  rocky  unmodified  drift  in  the  east  part  of  Plymouth, 
four  miles  long  from  north  to  south,  with  a  continuous  height 
three  hundred  to  four  hundred  feet  above  the  sea.  The  second 
terminal  moraine  at  the  Elizabeth  islands  is  five  miles  from  the 
extreme  moraine  on  Martha's  Vineyard,  but  their  distance  apart 
increases  eastward  to  thirty  miles  between  Nantucket  and  Orleans. 

Lenticular  HiUs,  Farther  to  the  north  in  New  England  no 
similar  series  of  drifb-hills  has  been  discovered,  and  it  appears 
that  in  general  the  retreat  of  the  ice  was  too  rapid  to  permit  their 
accumulation,  the  direct  glacial  deposits  being  spread  somewhat 
uniformly  in  the  lower  and  upper  till.  The  lower  till  occurs  in 
patches  or  sheets  which  probably  cover  half  of  this  area.  They 
are  of  variable  thickness,  ranging  from  two  or  three  to  fifty  feet 
or  more  in  depth.  This  deposit  is  also  found  forming  massive, 
oval  hills  which  have  their  longer  axis  parallel  with  the  strisB 
marked  upon  the  adjoining  rocks.  These  hills  are  from  a  few 
hundred  feet  to  a.mile  in  length,  with  about  two-thirds  as  great 
width,  while  their  height  correspondingly  varies  from  twenty-five 
to  two  hundred  feet.  But  whatever  may  be  their  size  they  are 
singularly  alike  in  form,  having  steep  sides  crowned  by  a  grace- 
fully rounded  top,  so  that  they  present  a  very  smooth  and  regular 
contour.  From  this  resemblance  in  shape  to  an  elliptical  convex 
lens  Professor  Hitchcock  has  denominated  them  lenticular  hillSy 
to  distinguish  these  accumulations  of  the  lower  till  from  its  flat- 
tened or  undulating  sheets  which  are  found  in  all  parts  of  New 
England. 

The  lenticular  hills  occur  frequently  upon  certain  areas  which 
vary  from  five  to  ten  miles  in  width  and  from  ten  to  thirty  miles 
in  length.     One  of  these  areas  includes  Boston  and  its  harbor. 
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and  extends  from  five  to  fifteen  miles  on  all  sides  of  that  city. 
Another  area  of  lenticular  hills  occurs  in  the  north  part  of  Essex 
county,  Mass.,  reaching  northeast  into  Rockingham  county  in 
New  Hampshire ;  while  two  other  belts  extend  from  northeast  to 
southwest  and  from  north  to  south  in  Hillsborough  and  Cheshire 
counties  of  the  latter  state.  Between  these  areas  are  others  of 
equal  or  greater  width  which  are  entirely  destitute  of  such  hills, 
or  have  only  here  and  there  one,  quite  isolated  from  any  others 
of  its  kind,  but  sometimes  as  prominent  and  typical  as  any  in 
the  tracts  where  they  abound.  These  hills  have  not  been  suffi- 
ciently looked  for  to  permit  us  to  state  whether  they  occur  in 
many  other  portions  of  New  England.  In  the  region  where  they 
have  been  explored  their  peculiar  distribution  does  not  appear 
to  be  due  to  the  character  of  the  adjacent  stratified  rocks,  nor  to 
the  contour  of  the  land,  for  they  occur  in  equal  abundance  on  low 
and  otherwise  level  tracts  near  the  sea,  and  fifteen  hundred  feet 
above  it  among  ledgy  hills  at  the  height  of  land  between  Merrimack 
and  Connecticut  rivers.  They  seem  as  likely  also  to  be  found  upon 
one  side  as  another  of  any  prominent  mountain  or  hill-range.  If 
their  distribution  has  been  independent  of  these  conditions,  as 
appears  to  be  true,  we  can  only  say  that  it  probably  resulted  in 
some  unexplained  way  from  movements  of  the  ice-sheet,  beneath 
which  these  massive  hills  were  built  up,  as  is  shown  by  their  trend 
and  material. 

The  upper  till  in  New  England  forms  a  universal  mantle,  gen- 
erally less  than  five  feet  in  depth,  covering  hills  and  valleys, 
ground-moraine  and  ledges,  except  that  small  outcrops  of  rock 
appear  frequently  in  all  parts  of  this  area.  In  valleys  and  upon 
many  comparatively  level  tracts,  these  deposits  of  boulder-drift 
are  concealed  beneath  stratified  gravel,  sand  and  clay,  which 
appear  to  be  somewhat  less  directly  of  glacial  origin,  having  been 
brought  by  rivers  from  the  melting  ice-sheet. 
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On  the  Geological  Action  of  the  Humus  Acids.    By  Alexis 
A.  JuLiEN,  of  New  York,  N.  Y. 

I.  Introduction. 

§  1.  The  Humus  layer. — Throughoat  all  geological  periods, 
whose  records  are  within  our  observation,  even  the  Archaean,  a 
zone  of  gentle  but  ceaseless  chemical  action  has  enveloped  the 
earth,  whose  efSciencj  in  extensive  subterranean  alteration  seems 
yet  to  be  but  partially  recognized.  Now,  as  in  the  past,  it  is  rep- 
resented by  the  thin  sub-aerial  layer  of  humus,  which  constitutes 
the  soil  of  forests  and  savannas;  and  the  muck  of  fresh  and 
brackish-water  swamps.  Intervening  between  the  crystalline  min- 
eral substances  of  unstable  composition  below  and  the  layer  of 
atmosphere  above — a  storehouse  of  gaseous  and  liquid  agencies 
of  decomposition  and  removal — this  layer  of  humus  has  been  the 
medium  of  continual  reaction  and  change.  Especially  has  it  served 
as  a  laboratory  for  the  production  of  a  series  of  acids,  which  have 
been  constantly  transferred  over  the  surface  by  streams  and  within 
the  interior  by  percolating  solutions,  and  as  constantly  renewed. 

§  2.  Efficiency  of  organic  acids. — A  recently  published  investi- 
gation^ by  a  Fellow  of  this  Association  has  directed  attention  to 
a  power  of  decomposition  and  corrosion,  little  suspected,  of  sev- 
eral common  organic  acids,  both  in  artificial  application  and  in 
the  field  of  geological  phenomena.  From  the  data  there  given  of 
the  results  of  his  examination  of  two  hundred  minerals,  the  brief 
tabular  statement  (page  312)  presents  the  reactions  nearly  allied 
to  those  obtaining  in  nature :  the  minerals  selected  being  those  of 
most  common  occurrence  in  rocks  and  veins. 

In  regard  to  these  two  methods  of  treatment,  negative  results 
were  obtained  with  a  large  number  of  minerals,  e.  ^.,  pyrite,  chal- 
.copyrite,  augite,  hornblende,  the  feldspars,  micas,  olivine,  fluorite, 
etc. ;  but  the  nature  and  strength  of  the  solvent  employed,  and 
the  brief  duration  of  each  trial,  seem  at  present  insufficient  to 
justify  generalization,  notwithstanding  the  suggestiveness  of  cer- 
tain results. 

My  present  purpose  is  to  extend  the  series  of  illustrations  of 
the  character  and  extent  of  the  geological  phenomena,  both  from 

1  •(  Application  of  Organic  Acids  to  the  Examination  of  Mineral!,''  H.  Carrington 
Bolton,  Ann.  N.  Y.  Acad.  Sci.,  18n-78, 1, 1, 158. 


Digitized  by  VjOOQ IC 


812 


GEOLOGICAL  ACTION  OF  THE    HUHUS   ACIDS; 


recent  personal  observations  and  from  published  bat  hitherto  dis- 
connected facts.     It  will  be  understood  that  although  little  or  no 


MINERALS  DECOMPOSED    (iN   FINE  POWDER)    BT   A   SATURATED 
SOLUTION  OF  CITRIC  ACID, 

IN  THE   COLD. 


A. 

B. 

C. 

.I>. 

WUhliberaiion 

of  SiOt, 

of  Oas. 

0/  CO,. 

cfH^S. 

Clausthalite, 

Calcite,! 
Dolomite,* 

Stibnite, 

Wollastonite, 

Leuoopyrite, 

Galenite, 

Rhodonite,! 

Brucite, 

Gurhoflte,  1 

Sphalerite, 

Chrysolite, 
Willemite,lt 

^.rt??"''* 

Ankerite,* 

Pyrrhotite. 

Rhodochroaite,* 

Nephelite, 

Wavellite, 

SmithBonite,* 

Chondrodite, 

Anglesite. 
firochantite.  1 

Aragonite,  1 
Witherite.i 
Strentianite,  1 

Pectolite,It 
Laumontite,  1% 
ChrysocoUa,  I 

CeruBBite,  1 

Calamine,  It 
Apophylllte, 
Thomsonite,  1 

Malachite,  i 
Azurite.* 

Natrolite,  It 

Mesolite,! 

1 

Analcite, 

Chabazite, 

Stilbite, 

Deweylite, 
Proclilorite. 

• 

ON  BOILING. 


E. 
qfGas, 

F. 

of  CO,. 

G. 

With  liberaHon 
of  HtS. 

H. 

WUh  separation 
cfSiO,, 

Cuprite,  1 

Zincite. 

Goethite,* 

Limonite,* 

Apatite,* 

Gypsum,* 

and 
those  in  A. 

HauBmannite,t 

Pyrolu8ite,t 

Manganite.t 

Psilomelane,  If 

Wad,  If 

Magnesite,! 

Siderite,! 

and 
those  in  B, 

Bomite, 
Jamesonite,* 
Boumonite,* 
Boulangerite, 

and 
those  in  C. 

Tephroite,t 

Ilvaite. 

Phlogopite,* 

DatoTite,It 

Prehnite,* 

Heulandite, 

Serpentine, 

Bastite, 

and 
those  in  D, 

reference  may  be  made  to  other  solvents,  such  as  water  itself, 
various  mineral  acids,  and  saline  solutions,  their  agency  in  nature 

I  Completely  decomposed  or  dissolved.  *  Feebly  attacked. 

t  The  COi  evolTed  is  derived  from  the  Citric  Acid,     t  Gelatinises. 
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is  nolf  ignored ;  nor  is  any  attempt  now  made  to  compare  their 
relative  efficiency  with  that  of  the  special  agency  under  discus- 
sion. Neither  is  the  important  and  broad  subject  of  the  geolog- 
ical work  of  ^^ organic  matter"  included,  with  reference  to  its 
general  reducing  influence,  the  development  of  gases,  the  accu- 
mulation of  carbon,  etc. 

II.  Materials  Yielding  Humus  Acids. 

§  3.  Varieties  of  humus, — In  nature,  the  complex  mixture  of  or- 
ganic substances,  styled  humus,  is  found  under  many  forms :  the 
brown  vai'iety,  in  living  vegetation,  in  the  outer  bark  of  many 
trees,  in  the  excrescences  attending  unhealthy  growth,  especially 
studied  in  those  of  the  elm,  and  in  the  mould  and  ergot  of  many 
grains  and  grasses,  in  many  flingi,  etc.,  in  the  dead  leaves  hanging 
to  trees,  the  upper  and  drier  layers  of  the  fallen  litter  and  of  peat, 
and  the  decaying  sea-weeds  upon  the  shores :  the  black  variety,  in 
a  more  or  less  active  state  of  decomposition,  in  the  deeper  layers 
of  the  soil,  of  the  rotting  leaves  and  wood  of  the  forest,  and  of 
the  mud,  muck,  and  peat  of  swamps,  bogs,  and  ponds,  in  the  dung 
of  animals,  birds,  etc. :  in  a  state  of  transference,  in  the  waters 
of  springs,  mineral- waters,  rivers,  lakes,  and  even  in  rain-water : 
and  in  a  fossil  condition,  not  only  in  lignite,  brown-coal,  and  many 
carbonaceous  deposits,  but  locked  up  in  the  hygroscopic  water  and 
organic  matter  of  many  minerals  and  especially  of  many  hydrated 
ores  of  iron  and  manganese. 

§  4.  Forest-litter. — The  chemical  constitution  of  the  forest-litter 
of  fallen  leaves,  and  of  the  humus  produced  by  their  decay,  has 
been  the  subject  of  investigation  by  several  analysts,  for  agricul- 
tural pui-poses ;  but  these  results  are  of  little  use  for  further  ap- 
plication, on  account  both  of  their  limited  number  and  of  the 
common  neglect  to  estimate,  in  each  locality,  the  influence  of  the 
character  of  the  soil.  Some  of  the  observations  of  Erutzsch^, 
Ebermayer^,  and  Dulk  are  presented  on  page  314. 

The  variations  in  lime  and  silica  in  the  above  analyses  are  at- 
tributed chiefly  to  the  soil.  It  is  found  that  the  presence  of  tan- 
nin or  resinous  matter  retards  decomposition,  while  that  of  the 
alkalies  and  lime  assist  it.  In  Bavarian  forests,  with  the  coni- 
ferous trees,  a  period  of  firom  three  to  eight  years  is  necessary  for 

>  Chem.  Ackeromaim,  1806, 158.      *  Landw.  Vers.  SUt.,  1876,  XVIII,  02-77,  SOS. 
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the  formation  of  humus  Arom  the  leaf-litter,  but  with  decflduoos 
trees  from  two  to  five  years  are  sufficient.^ 


F0RB8T  LiTTBR.     NUrogen. 


K«0 


NaK) 


CaO 


MgO 


Pe«0» 


P«0» 


80« 


8iO« 


Total 
ash 


Beech 0.8  to  1.24 

Oak l.OS 

Spruce  flr 1.86 

Scotch  pine 1.89 

Humus. 

Beech  forest 

Fir  forest 


3.81 
8.28 
1.61 
1.51 

l.ftS 
2.19 


.56 

1.28 

.56 

.61 

.26 
.39 


24.49 

22.68 

26.27 

6.83 

10.22 
23.89 


8.50 
8.80 
2.82 
1.51 

2.54 
1.79 


1.78 

1.03 

.08 

.49 

8.97 
2.50 


2.96 
2.96 
2.14 
1.11 

2.79 
4.19 


1.10 

1.51 

.70 

.67 

1.86 
1.76 


18.87 
18.83 
16.54 
2.12 

20.06 
7.80 


55.0 
55.1 
40.S 
14.7 

43.2 
U. 


§  5.  Composition  of  humu^, — The  nature  of  the  decomposition 
which  thus  takes  place  is  partially  represented  by  the  following 
ultimate  analyses^  of  the  peat  at  different  depths  in  a  peat-bog 
of  the  Nienwalder  High-moor  of  Gutes  Jessback,  in  Holstein. 

Aih  N  0  H             o 

Brown  peat  ft*om  the  iurfkce,                    2.72  .80  57.76  5.48  86.02 

Nearly  black  peat,  at  a  depth  of  7  feet,       7.42  2.10  62.02  5.21  80.67 

Black  peat,  at  a  depUi  of  14  feet,                9.16  4.05  64.07  5.01  26.87 

The  above  results  indicate  a  gradual  downward  transference 
and  concentration  near  the  bottom  of  the  bog,  both  of  the  more 
carbonaceous  and  nitrogenous  matters  of  humus,  by  loss  of  water 
and  oxygen,  and  of  most  constituents  of  the  mineral  matter. 
The  character  of  the  latter  is  shown  in  several  good  analyses 
of  peat  and  muck  (Johnson's  Essays  on  Manures.  Cook,  Rep. 
Geol.  N.  J.,  1863,  481,  and  1878,  47)  ;  but  exact  determinations 
of  the  carbonaceous  matters  are  very  rare.  A  peat  from  the  vi- 
cinity of  Moscow,  Russia,  gave  Hermann^  the  following  percent- 
ages :  Muck-carbon,  nitrolin,  and  plant-remains,  77.5 :  humic 
acid,  17. :  humus  extract,  4. :  ammonia,  0.25  :  crenic  acids,  traces : 
ash,  1.25  ;  in  another  peat,  muck-carbon,  etc.,  80. :  apocrenic  acids, 
17. :  crenic  acids,  1. :  ash  2.  The  virgin-soil  of  the  "  black  earth  " 
(Tschornozem)  of  the  Russian  steppes^  yielded  the  following  per- 

«£bennayer,  Gesammte  Lehre  der  Waldstein:  See  Watts  Diet.,  ni  Suppl.,  Parti, 
823. 

•Detmer,  Laodw.  Veri.  Stat.,  1871, 270. 

•  R.  Hermann,  Erd.  Jour.  f.  pr.  Ch.,  1842,  XXVn,  165. 

T  B.  Hermann,  idem,  1887,  XH,  280,  and  1842,  XXVU,  174. 
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centages;  sand,  clay,  etc.,  89.58:  nitrolin,  etc.,  1.66:  humic 
acid,  1.77:  humus  extract,  8.10:  torfic  acid,  1.77:  crenic  acids, 
2.12. 

The  inorganic  matters  in  peat-moss  (Sphagnum),  as  represented 
by  its  ash,  amount  to  8  to  4  per  cent.,  and  in  dried  peat  from 
about  1  to  25  per  cent.,  averaging  in  the  denser  varieties  15  per 
cent.  In  the  careful  investigation  by  Vohl^  of  the  peat  of  a  high 
moor  in  the  Canton  Zurich,  containing  0.92  per  cent,  of  ash,  he 
obtained  the  following  results,  briefly  summarized.  The  large 
content  of  alkalies  (20  per  cent,  of  the  ash)  and  of  silica  (42 
per  cent.),  in  the  moss,  have  been  mainly  carried  off  into  the 
bog-waters,  only  8  or  4  per  cent,  of  each  remaining  in  the  peat ; 
the  same  substances  are  also  drawn  up  by  the  later  vegetation, 
and  thus  occurs  upwardly  ^^  a  transference  of  these  mineral  sub- 
stances from  one  peat  layer  to  another."  Of  the  remaining  con- 
stituents, presept  in  small  quantity  in  the  moss,  there  has  been 
a  heavy  concentration  of  alumina,  ferric  oxide,  and  lime  in  the 
peat,  and  even  of  phosphoric  and  sulphuric  acids  in  a  less  degree. 

Many  instances  have  been  noted  of  the  occurrence  in  peat  bogs, 
etc.,  of  layers  of  pulverulent  calcium  carbonate,  resulting  prob- 
ably from  the  decomposition  of  ammonia-lime  double  salts  of  the 
humus  acids.^ 

Peat  sometimes  abounds  in  pyrite,  and  the  decomposition  of 
this  mineral  contributes  a  basic  ferric  sulphate  to  the  bog  ores 
afterwards  produced.^® 

§6.  Nitrogen  in  humus, — Natural  humus  (e.  ^.,  from  peat)  is 
found  to  contain  Arom  1  to  8  per  cent.,  or  more,  of  nitrogen, 
and  the  dry  soil  of  forests  from  0.00012  to  0.00087  per  cent,  of 
ammonia.  The  nitrogen-content  in  peat,  which  has  a  very  im- 
portant office,  has  been  attributed  .to  the  decomposition  of  the 
albuminoid  substances  of  living  vegetation,  to  direct  absorption 
of  nitrogen  gas  from  the  air  by  humus,  during  its  oxidation,^^ 
and  of  nitric  and  nitrous  acids  and  ammonia  from  atmospheric 
waters,^^  etc.  Schultzenstein  attributes  it  to  the  infusoria,  polyps, 
worms,  moUusks,  crustaceans,  and  insects,  which  live  in  the  peat 
and  soil ;  but  these  very  animals  must  have  derived  their  nitrogen 
from  the  living  plants  and  humus-remains  on  which  they  feed.     As 

•Ann.  Ch.  Pharm.,  1859,  CIX,  186.       •  Roth,  Allg.  u.  Ch.  Geol.,  1879, 1,  G96. 
>•  Both,  idem,  098-9.       "  P.  P.  Deh^ralii,  Compt.  rend.,  1873,  LXXm,  1868. 
u  P.  Bretschneider,  Chem.  Ackersmn  1871, 187. 
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Dr.  J.  H.  Gilbert  has  shown,^^  the  evidence  in  regard  to  the  source 
of  the  nitrogen  is  still  contradictory  and  the  qaestion  must  be 
considered  unsettled.  But  in  regard  to  its  accumtdation^  in  a 
form  having  little  tendency  to  decomposition,  an  important  con- 
dition is  shown  in  the  enclosure  of  animal  remains,  especially  the 
exuviae  of  insects,  of  which  certain  species  swarm  in  vast  num- 
bers under  the  shelter  of  swamp  vegetation.  A  recent  observer 
in  the  western  territories  reports  the  Buperficial  layer  of  a  peat- 
bog to  contain  a  remarkable  abundance  of  the  wing-cases  of 
beetles.  Prof.  S..H.  Scudder  of  Cambridge,  Mass.,  has  recently 
reported  a  similar  occurrence  of  insect-remains  in  a  partially  sub- 
merged bed  of  peat  at  Nantucket ;  and  one  incidental  result  of 
the  investigations  by  himself  and  others,  on  the  insect-fauna  of 
the  Carboniferous  strata  and  of  carbonaceous  shales  of  other 
periods,  is  the  increasing  evidence  of  an  abundance  of  insect- 
life  in  those  ancient  .marshes,  proportionate  to  the  richness  of 
vegetation  and  depth  of  marsh-deposits,  indicated  by  the  present 
accumulation  of  fossil  carbon.  These  facts,  and  those  known  in 
regard  to  the  character  of  the  fauna  of  the  swamps  and  bogs  of 
the  present  day,  seem  to  indicate  at  least  that  the  concentration 
of  nitrogen  in  a  comparatively  stable  form,  yielding  a  steady  sup- 
ply of  that  element  for  the  formation  of  the  azotized  combinations 
of  the  humic  acids,  has  been  largely  dependent  upon  the  accumu- 
lation of  the  exuviae  of  insects  within  the  humus  deposits. 

Its  concentration  in  the  lower  layers,  noted  by  Detmer  and  ex- 
plained (loc.  dt,)  by  the  supposition  that ''  the  nitrogenous,  per- 
haps leather-like  bodies,  which  are  formed,  are  decomposable  with 
very  great  diflSculty,"  may  be  simply  due  to  the  survival  of  such 
exuviae  in  the  form  of  chitin.  It  has  also  been  suggested  that 
the  oolitic  structure,  in  a  Belgian  iron-stone  of  Devonian  age,  has 
been  due  to  the  eggs  of  aquatic  insects  which  the  iron-ochre  has 
incrusted,  like  the  same  structure  in  the  recent  oolitic  limestone 
of  the  great  lakes  of  Mexico.^^ 

The  important  chemical  agencies  and  results,  afterwards  des- 
cribed, appear  therefore  to  depend  for  their  genesis,  at  least 
iJEirgely,  upon  this  relationship  to  the  insect- world :  e.  ^.,  the  iron- 
ores  of  the  Archaean  strata,  the  extensive  iron-stone  layers  asso- 
ciated with  the  coal,  and  Ahe  profound  chemical  erosion,  which 

J»  Am.  J.  Scl.,  ISn,  (3),  Xm,  20, 99, 181. 

"  T.  L.  Phipion,  Compt.  rend.,  1861,  LH,  975. 
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preceded  and  rendered  possible  the  enormoas  denadation  of  north- 
em  areas  during  the  Glacial  period. 

§  7.  DistribtUion  of  humus, — A  brief  reference  may  also  be 
made  to  the  geographical  distribution  of  the  humus-layer.  On 
land,  even  in  its  thinnest  development,^  as  under  cryptogamous 
growth  upon  rocks,  it  seems  endued  with  special  activity  for 
corrosion.  In  ordinary  soils  its  wide  extension  is  well  known, 
but  there  are  special  varieties  which  seem  to  be  exceptionally 
rich,  e.  gr.,  the  "Regur"  or  rich  cotton-soil  of  Hindostan,*^  the 
productive  thick  humus  of  the  American  prairies  and  of  the 
Southern  steppes  of  Wallachia,  Moldavia,  etc.,  especially  the 
"  Tchornozem "  or  "  black  earth "  of  the  steppes  of  southern 
Russia.  ^^  The  latter  occupies  the  centre  of  a  trough  200  millions 
of  acres  in  extent.  It  contains  6  to  10  per  cent,  of  organic  matter, 
consisting  of  humic,  crenic,  apocrenic  acids,  etc.,  and  2.45  per  cent, 
of  nitrogen,  by  the  analysis  of  Payen.  In  the  depressions  of 
the  surface,  near  the  water-courses,  lakes,  and  seas,  occur  still 
richer  accumulations  of  humus  in  the  form  of  peat-bogs,  swamps, 
and  salt-marshes,  which  even  girdle  the  continents ;  and  there  are 
many  reasons  to  believe  that  the  very  bed  of  the  ocean,  in  its 
profoundest  depths,  supports  deposits  in  which  humus-like  pro- 
ducts of  decomposition  play  their  part. 

An  attempt  has  been  made  in  the  Plate  to  give  a  general  view  ' 
of  the  superficial  extent  of  chemical  corrosion  and  decomposition 
now  in  progress  by  these  agencies  throughout  the  world.  The  dark 
areas  represent,  with  some  exaggeration  of  effect,  the  richest  de- 
posits of  humus,  in  which  the  chemical  action  is  presumably  most 
active,  e.  ^.,  rich  soils,  layers  of  humus  upon  the  flanks  of  moun- 
tain ranges,^  fresh- water  swamps  near  lakes  and  along  the  courses 
of  rivers,  and  salt-marshes  along  oceanic  shores.  The  lighter 
shading  represents  the  inferior  degree  of  chemical  action  exerted 
by  ordinary  soils,  rock-surfaces  covered  with  cryptogamese,  etc. 
The  areas  free  from  shading  are  those  in  which  there  is  little 
vegetable  growth  except  during  short  seasons  of  heavy  rains  or 
summer  warmth,  e.  ^.,  arid  deserts,  the  summits  of  high  moun- 
tains, tracts  of  sandy  dunes,  and  the  ice-capped  Arctic  and  Ant- 
arctic regions.     The  Tundra  belt,  along  the  northern  border  of 

<•  Capt.  Newbold,  Reo.  of  Roy.  Soc. 

>*  R.  I.  MurchiaoD,  Russia  and  tiie  Ural  Mts.,  Geol.,  1845, 1,  S57  et  seq.,  and  Traos.  R07 
Agric.  Soc.,  in,  1 ;  also  F.  Schmidt,  Zeits.  d.  D.  geol.  Gesells.,  1877,  XXIX,  830, 835;  and 
B.  Hermann,  loc.  cit. 
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the  continents,  is  an  area  made  up  of  frozen  mossy  swamps  and 
rocky  hummocks  covered  with  lichens,  mosses,  and  saxifrages ;  it 
must  comprise  a  considerable  amount  of  humus  of  an  acid  char- 
acter. A  comparison  of  this  map  with  the  published  geological 
charts,  which  show  the  regions  covered  by  coal-basins,  affords 
some  conclusions  of  interest,  especially  confirming  the  shifting 
position  of  the  areas  of  extreme  erosion  at  different  periods. 

III.  Acids  Existing  in  Humus. 

The  organic  acids,  resulting  from  the  decomposition  of  humus, 
appear  to  be  numerous  and  very  unstable ;  their  investigation  has 
as  yet  been  only  begun,  and  even  the  results  80  far  attained  are 
vitiated,  for  our  present  purpose,  by  the  general  absence  of  dis- 
crimination between  the  characteristics  and  reactions  existing  in 
nature,  and  those  produced  by  the  artificial  conditions  of  labo- 
ratory investigation.  Having  eliminated,  therefore,  all  observa- 
tions which  appear  to  be  exclusively  artificial,  and  all  which'  have 
no  apparent  geological  bearing,  I  will  now  briefly  describe  the 
particular  acids  which  probably  are  actually  diffused  through 
humus  and  its  natural  solutions.  Of  course  but  very  few  of  these 
acids  are  actually  present  in  most  deposits  of  humus ;  the  larger 
number  are  evanescent  in  their  duration,  but  contribute  to  the  acid 
character  of  the  organic  salts  in  all  natural  humus. 

§8.  Inert  substances, — Two  constituents  of  humus  exist  and 
may  first  be  mentioned,  which  are  insoluble  in  water,  acids,  and 
alkalies,  which  are  amorphous,  neutral,  inert,  and  yet  serve,  by 
oxidation  of  their  abundant  material,  to  furnish  a  continual  sup- 
ply of  the  soluble  acids,  and,  by  their  absorptive  powers,  a  supply 
of  nitrogen  to  form  their  nitrogenous  combinations  and  ammo- 
niacal  salts.  Nitrolin^  the  principal  constituent  of  rotten  wood, 
is  of  a  brown  color,  containing  56.13  per  cent,  of  carbon  and  4.00 
to  12.30  per  cent,  of  nitrogen.  Humin^  the  principal  constituent 
of  the  true  humus,  is  of  a  black  color,  but  is  too  closely  intermixed 
with  woody-fibre  and  nitrolin  to  permit  its  accurate  analysis. 
Hermann  also  finds  an{trohumin  in  peat.  Mulder  studied  humin 
(and  humic  acid)  as  obtained  from  the  black  compact  peat  of  the 
Haarlem  sea;  but  he  also  distinguished  ulmine  (and  ulmic  acid), 
as  occurring  in  rotten  wood  and  in  the  light-brown  Frisian  peat. 
To  the  latter  he  assigns  the  formula,  C^o  H^^  0^  (or,  C*^  H^.e  q^-s, 
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as  H.  Wurtz^^  suggests,  making  it  isologous  with  cellulose,  C^^ 
Ijao  Qi^)  ;  but  it  is  probably  a  mixture  of  two  or  more  compounds. 
He  obtained  a  substance,  termed  humus  or  humine  (C^^  H^  O^'*, 
Wurtz),  as  the  product  of  oxidation  of  ulmine,  with  separation 
of  water ;  and  he  suggested  that  this  action  is  in  constant  pro- 
gress in  the  mud  upon  the  bottom  of  lakes,  etc. 

A  collation  of  the  most  reliable  investigations  yet  made  has 
furnished  the  following  summary  of  the  chief  organic  acids  in 
humus. 

§  9.  Humic  Acid. — This  is  found  in  decayed  wood,  especially 
that  of  the  elm  and  beech,  and  in  peat,  vegetable  mould,  etc.  A 
large  proportion  (ulmic  acid  ?)  is  said  to  occur  in  the  prairie  soil 
of  this  country.^® 

Percentage  Composition. 


Humic  Acid  (with  3  aq.) 

c 
64. 

H 

4. 

0 

32. 

"          "     from  peat  (Detmer^^) 

59.74 

4.48 

35.78 

*'          "       "     soil  (Bretschneider^o) 

60.39 

4.50 

35.03 

Ulmic  Acid  from  brown  peat  (Mulder^i) 

62.62 

4.62 

32.76 

*'         "     (with  1  aq.) 

67.1 

4.2 

28.7 

Stein  concludes  that  the  ulmic  acid  and  ulmine  of  Mulder  are 
isomeric,  with  the  formula  C^*  H^®  O^,  and  Detmer  considers  the 
ulmic  acid  identical  with  humic  acid  and  produced  by  drying  at 
too  high  a  temperature.  The  generally  accepted  results  of  the 
more  recent  analysts,  such  as  Detmer  and  Bretschneider,  render 
it  probable  that  nitrogen  is  unessential  to  the  constitution  of  this 
acid,  and  the  analyses  containing  it  are  therefore  excluded.  The 
formulas  ascribed  to  the  acid  are  as  follows ; 

(H.  wdrtz.) 
Humic  Acid  (Detmer)    C^o  H^  0^7 
"      (Mulder)    C^o  H^a  O^ 
Geic       ''      (       ''     )    C20  H12  O^  C>2   W^  0^2 

Ulmic     ''      (       "     )    C^o  H^^  0«  (  C12   H^ ^  03« 

\  or  perhaps  C^*    H^s  Qs 

Humic  acid  possesses  a  strictly  colloid  nature,  and,  as  found 

"  Johnson's  Cyclopedia,  article  '*  Hnraus." 
ML.  Lesqnereux,  Oeol.  of  111.,  18G6, 1,  252. 
"  Landw.  Vers.  Stat.,  1871,  XIV,  260. 
«•  Chem.  Ackers.,  1871,  287. 

•iBnll.  de  Sci.  pbys.  et  nat.  de  Neerl.,  1840, 1—102:  abstract  in  Ann.  der  Cbem.,  1840> 
XXXVI,  243. 
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by  the  direct  experiments  of  Detmer,^  is  not  absorbed  by  the 
rootlets  of  plants,  though  its  oxidation-products  (e.  ^.,  crenic 
acid)  appear  to  be  taken  up. 

While  moist  it  is  black,  has  an  acid  taste  and  reddens  blue 
litmus-paper,  absorbs  oxygen  and  yields  carbon  dioxide  by  nat- 
ural decomposition  ;  it  dissolves  in  8333  parts  of  water  at  6°C.,  and 
in  625  parts  at  100°C.  Its  solubility  is  diminished  by  the  pres- 
ence of  salts,  and  it  is  insoluble  in  water  free  from  nitrogen  or 
air.^  After  drying  at  120^C.,  it  dissolves  in  13784  parts  of 
water  at  15°C.,  and,  after  perfect  drjnng,  at  high  temperatures, 
becomes  insoluble. 

It  is  far  more  soluble  in  aqueous  solutions  of  the  alkalies.  It 
expels  carbon  dioxide  from  metallic  carbonates,  but  can  also  be 
expelled  by  that  acid  from  all  combinations.  All  its  salts  are 
black.  Its  alkaline  salts  are  easily  soluble,  but  those  of  the  al- 
kaline earths  and  metallic  oxides  are  not  soluble  or  only  with 
very  great  difficulty.  Yet  its  insoluble  salts  are  soluble  in 
aqueous  alkalies,  especially  in  ammonia  and  its  carbonate,  and 
partly  also  in  aqueous  alkaline  carbonates.  Humic  acid  does  not 
combine  with  silica,  unless  ammonia  be  present. 

It  has  also  the  colloidal  property  of  gluing  together  vegetable 
earths,  such  as  the  siliceous  sands  of  the  Landes  near  Bordeaux, 
into  a  layer  impervious  to  water  (called  "  alios  ")2'* ;  this  has  also 
been  proved  by  direct  experiment.^^ 

Ammonium  humate  (C^°  H*®  (NH**)^  0^^,  Detmer)  dissolves  in 
22  parts  of  water,  and  exists  in  peat.  According  to  Mulder,  the 
formulas  are  as  follows : 

Humate,  C^o  H^^  0«,  NIP, +  4  or  5  aq.,  containing  60.1  per  ct.  C. 
Ulmate,  C^o  H^^  0^,  NH3+3  aq.,  containing  61.2  per  ct.  C. 

Sodium  and  potassium  humates  are  soluble,  as  well  as  their 
double  salts  with  ammonia. 

Calcium  humate  dissolves  in  3125  parts  of  water,  and  there  is 
also  a  soluble  double  salt  with  ammonia  (C^o  H^s  Ca^  (NH<)» 
027). 

Magnesium  humate  dissolves  pretty  easily  in  water. 

«»  Landw.  Vers,  gtat.,  1872,  XV,  284-286. 
»E.  Simon,  Landw.  Vera.  Stat.,  1876,  XVin,  4fi2-472. 
"  Faur^,  Ann.  de  Ch.  et  Phya.,  1853,  (3),  XXXIX,  85. 
»Th.  Scliloetiog,  Ann.  de  Cb.  et  Phy8.,1874,  (5),  II,  532. 
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Ferric  humate  dissolves  in  5000  parts  of  water  at  19"  C.  (in 
2300  parts  according  to  Bischof),^  and  its  double  salt  with  am- 
monia (C«o  H^«  (Fe2)^  (NH*)«  O^^)  is  also  soluble. 

Manganic  humate  also  forms  a  soluble  double  salt  with  ammonia. 

An  observation  of  great  importance  is  that  all  humous  acids  ab- 
sorb nitrogen  from  the  air,^  and  that  humic  acid,  mixed  with 
solution  of  potassa,  absorbs  from  the  air  7.2  per  cent,  of  nitro- 
gen, and  converts  it  into  ammonia  during  oxidation ;  also  the 
humus  from  old  wood,  mixed  with  solution  of  potassa,  absorbs 
8.6  per  cent,  of  nitrogen.^  On  this  ground  the  theory  has  been 
advanced  that  humic  acid  acts  as  the  ammonia-provider  in  soils. 
Nitric  acid  is  found  to  convert  both  ulmic  and  humic  acids  into 
formic  and  oxalic  acids  associated  with  ammonium-apocrenate. 

Mulder  finds  that  ulmic  and  humic  acids  ^^  do  not  exist  to  much 
extent  in  the  free  state,  except  in  bogs  and  morasses.''  In  the 
soil  they  assume  acid  characters  only  by  reaction  with  carbonates, 
and  then  become  salts,  t.  e.,  enter  into  combination.  Other  similar 
constituents  of  humus,  soluble  in  water,  of  less  certain  character 
and  determined  composition,  are  the  following : 

Humous  extract  (C^^  H^^  O^  N^  (?),  Hermann)  occurs  in  tilled 
soil,  peat,  and  rotten  wood.  It  is  brown  and  easily  soluble  in 
water,  forms  a  sparingly  soluble  compound  with  lime,  but  presents 
mostly  neutral  properties. 

Mudesous  acid  (C^^  H^®  O®),^  obtained,  in  combination  with 
alumina,  from  pigotite,  and  probably  derived  from  the  decompo- 
sition of  humus  on  moorlands. 

Humous  acid^  obtained  from  Russian  "  black  earth." 

Azulmic  acid?^  (C^  H*  N^  02)3i  and  fumic  acid^  obtained 
from  rotten  dung :  the  latter  however,  according  to  Mulder,  being 
impure  ammonium-humate. 

Carbo-ulmic  acid  (C'*®  H^^  O^®)  and  Carbo-humic  acid^  obtained 
from  lignite.33  These  have  yielded  the  following  t)ercentage  com- 
position : 

**G.  Bischof,  Chem.  and  Phjs.  Geol.,  I,  let. 

•T  R.  Hermann,  Erd.  Jour.  f.  pr.  Cb.»  1841,  XXU,  69. 

••  D^hirain,  Compt.  rend.,  1873,  LXXIII,  1362. 

»»  J.  F.  W.  Johnston,  Phil.  Mag.,  1840,  XVII,  882. 

«•  Braconnot,  N.  Ann.  Ch.  Phys.,  12, 212. 

M  Pelouze  and  Richardson,  Ann.  Ch.  Pharm.,  1838,  XXVI,  63. 

"  P.  Tbenard,  Coropt.  rend.,  1809,  XLIX,  289. 

M  Herz,  N.  Report,  10, 496. 

A.  A.  A.  s.,  VOL.  xxvm.  21 
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C 

H 

o 

Carbo-'ulmic  acid 

62.36 

4.79 

32.87 

Carbo-humic  acid 

64.59 

5.15 

30.26 

Ligno-humic  acid  (C^®  H®®  O^*  N*,  Hermann),  obtained  fronoi 
brown  rotten  wood,  is  somewhat  soluble  in  water  to  a  yellow  so- 
lution, but  is  precipitated  by  mineral  acids. 

AnitrO'humic  acid  (C^  H^^  O^®,  Hermann),  obtained  from  peat, 
etc. 

We  have  next  to  consider  the  products  of  higher  oxidation  of 
the  feebly  soluble  acids  thus  far  described.  The  most  important 
are  two,  erenic  and  apocrenic,  first  identified  by  Berzelius,  whose 
far  greater  solubility  has  resulted  in  their  extensive  distribution : 
80  that  they  have  been  artificially  separated  for  investigation,  not 
only  from  peat  and  soils,  but  also  from  their  widely  diffused  so- 
lutions in  combination  with  iron  and  other  bases.^^ 

I  have  separated  both  these  acids,  in  considerable  quantity,  from 
the  peat  which  occurs  at  the  southern  end  of  Ballston  Lake,  in 
Saratoga  County,  N.  Y. 

§  10.  Creaic  acid.—  (C^*  H^*  6i«  +  3  H^  O,  or  C^^  H^  O^, 
Wurtz.)  [Quellsaure,  Humusquellsaiire,  Erensaiire,  Brunnensaiire, 
etc.] 

This  occurs  in  the  waters  of  probably  all  springs,  rivers,  lakes, 
etc.,  and  in  rain-water  :^^  in  rotten  wood,  peat,  and  tilled  soil :  and 
in  bog  ore,  ochre,  etc.  It  is  of  a  pale  yellow  color  and  transpar- 
ent, becoming  yellow  and  opaque  on  drying ;  turns  dark  by  ex- 
posure to  the  air,  absorbs  oxygen,  and  leaves  a  brown  residue  of 
apocrenic  acid ;  is  easily  soluble  in  water,  tastes  sharply  acid» 
reddens  litmus,  is  styptic  in  strong  solution,  and  forms  white  or 
light-colored  neutral  and  acid  salts.  Salts  of  the  alkalies  are  easily 
soluble,  but  less  so  than  the  pure  acid,  and  are  generally  diffused ; 
ammonium-crenate  has  been  found  in  some  iron  ores. 

Calcium-crenate  is  a  neutral  pale  yellow  salt,  soluble  in  much 
water ;  a  basic  salt  also  exists,  containing  20.59  per  cent,  of  lime. 
Magnesium-crenate  is^  easily  soluble.  Aluminum-crenate  is  a 
yellow  salt,  insoluble  in  water ;  with  a  larger  proportion  of  acid, 
a  soluble  salt  is  formed,  which,  on  addition  of  ammonia,  is  not 
precipitated  but  remains  soluble.  Ferrous  crenate  is  soluble  in 
acids;   also  in  water,  to  a  limpid  and  styptic  solution,  yielding 

MGmeUo't  Handbook  of  Chem.,  XYII,  46^-475. 
tt  salm  Horstmar,  Pogf .  Ann.,  1841,  LIV,  254. 
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the  nsaal  reactions  of  a  ferrous  salt;  but  absorbs  oxygen  with 
extreme  avidity,  both  from  the  air  and  from  solid  bodies,  thns 
acting  as  a  strong  reducing  agent,  and  passes  into  ferric  crenate. 

Ferric  crenate  is  an  earthy  salt  of  a  dirty-white  color,  or  an 
ochreous  brown  flocculent  deposit,  insoluble  in  water  (moderately 
soluble,  according  to  Mulder  and  Bischof)  and  in  acids.  It  dis- 
solves completely  in  ammonia,  so  that,  as  Bischpf  remarks,^  if 
there  are  decaying  nitrogenous  substances  present,  which  evolve 
ammonia,  this  salt  may  also  be  dissolved.  This  apparently  forgotten 
observation  of  Bischof  may  be  of  much  geological  importance, 
since  it  shows,  contrary  to  the  usual  statements  (LeConte,^^  Hunt,^* 
etc.)  that  ferric  crenate  (and  probably  humate  and  apocrenate)  can 
be  dissolved,  even  without  reduction,  in  ammoniacal  solutions. 
On  evaporation  of  the  latter,  they  leave  a  reddish-yellow  residue  2 
from  this  residue  water  separates  a  soluble  neutral  double  salt, 
leaving  behind  an  insoluble  basic  salt.  Manganese-crenate  is 
moderately  soluble  (Mulder).  Aluminum-crenate  is  insoluble 
(Mulder).  The  insoluble  salts  of  both  crenic  and  apocrenic  acids 
are  decomposed  by  and  soluble  in  excess  of  solution  of  the  alkaline 
salts.  Silicic  acid,  precipitated  fVom  a  liquid  containing  crenic 
acid,  takes  up  a  portion  of  the  latter. 

Hermann  finds  two  groups  of  acids,  the  crenic  and  oxycrenic 
acids,  occurring  in  nature,  viz : 

Humo-crenic  acid  (C^^  K^  0»  N^),  found  in  the  «  black  earth :" 

Torfo<renic  add  (C^*  W^  O^^  N^),  found  in  peat,  *'  black  earth," 
and  mineral-waters : 

Torf'Ooeycrenic  acid  (C^*  H^^  Q*  N^),  found  in  a  mineral-water. 

§11.  Apocrenic  acid.— (C^*  W^  O^  -fH«  O,  or  C^*  W^  0^\ 
H.  Wurtz.)  (Quellsatzsaiire.)  This  occurs  in  the  water  of  springs 
and  livers,  in  tilled  soil,  peat,  decaying  wood,  and  bog-ores.  It  is 
of  a  black-brown  color,  reddens  litmus,  has  a  styptic  taste,  and 
dissolves  with  brown  color  in  water:  some  modifications  are 
sparingly  soluble.  Crenic  and  apocrenic  acids  may  be  precipi- 
tated together  by  a  mineral  acid,  out  of  an  alkaline  solution,  as 
an  amorphous  light-brown  mixture,  very  hygroscopic,  with  an 
acid  reaction  suflSciently  strong  to  dissolve  in  the  cold  recently 
precipitated  ferrous  carbonate.^^ 

The  salts  of   this    acid   are  amorphous,  black-brown,  easily 

«•  Op.  cit..  1, 166.  "  El.  of  Geol..  1879, 136.  »•  Bssayt,  227. 

••  C.  Bontigny.  Compt.  rend.,  1871,  LXXIU,  247. 
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soluble  in  water  but  generally  less  so  than  the  crenates,  both 
being  generally  piore  soluble  than  the  corresponding  humates. 
Ammonium-apocrenate  is  freely  soluble  in  water,  with  an  acid 
reaction.  .  Potassium  and  sodium-apocrenates  are  black,  neutral, 
and  freely  soluble  in  water,  with  brown  color.  Calcium-apocrenate 
is  black-brown,  gradually  dissolves  in  water :  there  is  also  a  basic 
salt,  insoluble  in  water.  Magnesium-apocrenate  resembles  that 
of  lime.  Two  aluminum-apocrenates  probably  exist,  in  which  the 
proportion  of  alumina  is  small ;  the  one  is  a  soluble  salt,  and  the 
other,  according  to  Mulder,  insoluble.  Neutral  ferrous  apocrenate 
is  soluble,  and  is  converted  into  basic  ferric  salt  by  exposure  to 
the  air.  Basic  ferrous  apocrenate  is  black,  insoluble,  turning 
brown  in  the  air.  Neutral  ferric  apocrenate  is  soluble,  and  the 
basic  salt  insoluble.  Manganese-apocrenate  is  moderately  soluble. 
In  regard  to  these  two  acids,  Mulder  observes  (op.  city  p.  850)  that 
they  exist  in  the  soil  nearly  always  as  double  salts  of  lime,  iron, 
etc.,  with  ammonia :  that  in  the  loose  dry  earth,  apocrenic  acid 
is  formed  by  oxidation,  and,  in  every  soil,  after  rain,  crenic  acid 
by  reduction,  ^^  so  that  the  action  or  effects  of  these  substances 
are  alternately  manifested." 

Hermann  divides  his  group  of  apocrenic  addSy  as  follows: 
Tarjic  acid  (C^o  H^^  0«  N^),  found  in  peat,  soil,  and  brown  coal. 
Its  alkaline  salts  are  soluble,  dark-brown,  and  absorb  oxygen; 
its  other  salts  are  mostly  insoluble  in  water. 

Arvic  acid  (C30  H^^  O^  N^^),  extracted  from  tilled  soil. 

Porla-apocreniCy  from  the  Porla-water. 

Anitr(Hipocrenic  acid  (C^^  H^^  O^),  obtained  from  peat. 

§  1 2.  Silico^zo-humic  acids, — The  essential  combination  of  silica 
with  certain  black  acids  of  the  soil  was  long  ago  remarked  by 
Verdeil  and  Rislher;  and  A.  Vogcl  has  pointed  out  that  "the 
assimilation  of  silica  by  a  plant  depends  greatly  on  the  amount 
of  humus  present  in  the  soil."  The  existence  of  four  azo-humic 
acids  has  been  claimed  by  P.  Thenard.^^  He  believes*  that  acids 
of  this  series  "  form  spontaneously  in  the  soil,  at  the  expense 
of  the  humic  acid,  the  ammonia  of  rain-water,  nitrogen  of  the 
air,  and  of  the  silica  preexisting  in  the  soil."  He  discovers  that 
these  acids  dissolve  silica  in  proportion  to  the  nitrogen  they  con- 
tain, i,  e.,  from  7.5  to  24  per  cent. ;  while  with  simple  humic  acids 
only  0.8  per  cent,  of  silica  could  be  experimentally  dissolved,  and 

«o  Compt  rend.,  1870,  LXX.  1412. 
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even  in  these  cases  there  was  doabt  of  their  parity.  He  further 
suspects  that  these  organo-silicated  combinations  may  pass  into 
the  organic  combinations  of  Friedel,^^  silico-propionic  acid,  etc., 
in  which  silicon  plays  the  part  of  carbon.  Vogel  finds  that 
Thenard's  compounds  are  soluble  in  very  dilute  alkalies,  from 
which  solution  they  can  be  separated  lyichanged.^^ 

The  solvency  of  silica  in  ammonium-crenate,  and  also  in  two 
weak  acids,  acetic  and  carbonic,  has  been  shown  (C.  J.  B.  Earsten, 
Pogg.  Ann.  d.  Ph.  u.  d.  Ch.,  1826,  VI,  859),  and  the  efficiency  of 
others  in  the  same  direction  does  not  therefore  appear  anomalous. 
It  might  be  anticipated  from  the  existence  of  a  group  of  such  pow- 
erful solvents  of  silica,  occurring  in  great  abundance  and  general 
distribution  in  nature,^nd  freely  soluble  in  atmospheric  waters,  that 
they  must  have  exerted  a  decided  influence  in  the  decomposition 
and  alteration  of  porous  strata,  especially  above  the  water-level ; 
and,  in  proof  of  this  action,  many  instances  will  be  given  beyond. 
While  the  exact  character  of  these  acids  has  not  yet  (Mar.,  1880) 
been  reported,  I  shall  not  hesitate  to  use  the  name  **  silico-azo- 
humic  acids,"  merely,  for  the  present,  as  a  convenient  term  to  dis- 
tinguish the  strong  organic  solvents  6f  silica  which  undoubtedly 
exist  in  layers  of  humus. 

§  18.  Acids  derived  from  vegetation^  etc. — In  addition  to  the 
agency  of  these  products  of  eremacausis,  there  is  evidence,-  as 
Bolton  suggests,  of  the  ^*  silent  work  of  a  higher  class  of  organic 
acids"  going  on  in  the  humus  deposits.  Oxalic^  rruUic^  fumanCy 
and  an  enormous  number  of  acids,  and  their  acid-salts  with  the 
alkaline  metals  and  earths,  are  contributed,  at  least  temporarily, 
by  the  leaves,  stems,  etc.,  of  most  plants,  many  of  which  are  rich  in 
raphides  made  up  of  minute  crystals  of  those  acids  or  their  salts. 
The  bark  and  excrescences  of  many  shrubs  and  trees  contribute 
tannic  and  gallic  acids  to  the  soil.  *'  Falling  fruits  give  it  citric^ 
malicy  and  tartaric  acids,"  which  however,  in  contact  with  decaying 
albuminoids,  are  partially  converted  into  acetic  acid,  and  rapidly 
and  entirely  into  carbon  dioxide. ^^  Young  roots,  especially  the 
finest  fibrils,  of  living  plants,  contain  an  acid  or  acid-salt,  which 
manifests  a  strong  acid  reaction  to  litmus  paper  .^    The  ground- 

«<  BqU.  Soc.  Chlm.,  1883,  V»  174, 238;  Compt.  rend.,  1870,  LXX,  1407. 
««N.  Eepert.  Pharm.,  1871.  XX,  143-146. 
**  S.  W.  Johnson,  How  Crops  Feed,  822. 
*«  ZOUer,  Vs.  St.,  1882,  V,  45. 
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pine  (Lycopodium  complanatum)  contain^  malic  acid,  and  its 
ashes  88  per  cent,  of  alumina  ;^^  its  rootlets  also  exhibit  an  acid 
reaction,  probably  due,  in  part  at  least,  to  the  presence  of  acid 
aluminum-malate.^ 

^^  Forrmcj  propionic^  acetic  and  butyric  acids^  or  rather  their 
salts,  have  been  detected,  by  Jongbloed  and  others,  in  garden- 
earth.  The  latter  are  common  products  of  fermentation,  a  pro- 
cess that  goes  on  in  the  juices  of  plants  that  have  become  a  part 
of  the  soil."*^  The  acids  produced  by  the  fermentation  of  bodies 
of  the  cellulose  group  are  lactiCy  butyric  and  acetic^  and  these  may 
possibly  be  sometimes  present.^  All  these  acids  can  scarcely 
exist,  except  temporarily  and  in  very  minute  quantities,  in  the 
soil. 

Uric  acid  (C^  H*  N^  O^),  Hippuric  acid  (C^  H^  N  0«),  and  salts 
of  acids  of  still  more  complex  character  are  continually  added 
by  the  dung  of  animals,  birds,  reptiles,  and  annelids.  Recent 
observers^^  have  called  attention  to  the  important  office  of  the 
casts  of  the  ordinary  earth-worm  (Lumbricus  terrestris)  in  the 
soil  layer,  and  also  of  the  work  of  ants  in  covering  rocks  and  in 
the  alteration  of  soils.  If  salts  of  uric  and  formic  acids  have  not 
been  introduced  by  these  means,  at  least  a  strong  influence  for 
the  aeration  and  oxidation  of  humus  has  been  exerted  by  these 
agents. 

In  the  lichens  the  common  acids  are  oocaXic  and  usnic^  but  a  long 
series  of  others  have  been  detected.  Fumarxc  and  lichenstearic 
acids  are  present  in  many  agarics ;  and  polyporic  acid^  occurs  in 
fungi  upon  decaying  oaks,  and,  although  itself  insoluble  in  water, 
is  found  to  unite  with  ammonia  and  the  fixed  alkalies  in  salts  which 
are  easily  soluble.  It  has  been  pointed  out  that  *'  the  decay  of 
forest  litter  is  to  a  great  extent  brought  about  by  the  agency  of 
fungi ;"  ^^  and  it  may  be  inferred  that  even  the  more  minute  spe- 
cies both  of  fungi  and  lichens  contain,  or  contribute  during  their 

«B  Salm  Horstmar,  Jour.  f.  Prakt.  Chem.,  1847,  XL,  804. 

«<  Rittbausen,  idem,  1861,  LIU,  420. 

*''  Johnson,  op.  dt.,  222. 

«•  Einhof.  and  v.  Pontin ;  also  R.  Hermann,  Erd.  Jour.  f.  pr.  Ch.,  1837,  XL,  280-281. 

*•  White,  Nat.  Hiet.  of  Selboume,  1, 14, 279;  Knapp,  Jour,  of  a  Nat.,  4th  ed.,  343;  C. 
Darwin,  "  on  formation  of  mould,'*  Trans.  Geol.  Soc.,  1840,  (2),  V,  505,  et  seq. ;  6.  H. 
Einahan,  Qeol.  Mag.,  1868,  VI,  114, 268, 848;  Prof.  Paley,  Hardw.  Soi.  Goss.,  1878,  XIV, 
121, 154;  M.  Hensen,  Nature,  1877,  XVn  (Zeits.  f.  wiss.  ZooL). 

•0  C.  Stahlsohmidt,  Lieb.  Ann.  d.  Ch.,  1878,jCLXXXVU,  177. 

"  Watt's  Diet.,  m,  Suppl.,  828. 
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decay,  supplies  of  additional  organic  acids,  to  be  diffused,  at  least 
temporarily,  through  the  humus.  Overripe  fruits  are  at  once  at* 
tacked,  even  upon  the  trees,  by  lichens  and  fungi,  and,  after  they 
are  fallen,  become  thoroughly  permeated  by  these  organisms  and 
centres  for  their  dissemination. 

MeUitic  acid  (C^^  H«  O*^),  found  in  the  mellite  of  lignite-beds, 
and  sticcinic  acid  (C*  H^  O*),  which  is  found  ready  formed  in 
amber,  etc.,  and  is  even  yielded  by  the  natural  fermentation  of 
malic,  fumaric,  and  other  acids,  may  here  be  mentioned.  There 
is  also  a  group  of  acid  hydro-carbons,  of  uncertain  character  and 
composition,  which  have  been  detected  by  Williamson,  BrOckner, 
etc.,  in  peat-bogs  and  brown-coal,  viz.,  georetic^  geoceric,  retiniCj 
georetinic,  and  butyro4imnodic  acids.** 

§  14.  Acids  from  the  atmospTiere. — It  is  certain  also  that  the 
ceaseless  and  varied  chemical  reactions,  which  prevail  among  the 
constituents  of  the  atmosphere,  inust  yield  continual  contributions 
to  the  humus-layer,  not  only  of  carbon  dioxide,  but  also  of  per- 
oxide of  hydrogen,  of  ozonized  aqueous  solutions,^  and  frequent 
supplies  of  other  acids. 

Nitric  and  nitrous  acids^  which  meteoric  waters  contain,  must 
be  added  in  appreciable  amount,  chiefly  in  combination  with 
ammonia,  especially  during  summer-storms.^  Nitrites  are  found 
in  all  arable  soils,^  being  especially  stored  up  in  clays :  Chabrier 
estimates  that  a  hectare  of  arable  ground,  to  the  depth  of  SO  cm., 
receives  annually  3.75  kgms.  of  nitrous  acid.^  The  existence  and 
permanence  of  these  acids  in  deposits  rich  in  humus  must  prob- 
ably be  ephemeral ;  in  fact  nitrous  acid  is  found  by  Chabrier  to 
pass  rapidly  into  nitric  acid,  while  Euhlman  believes  that  they  are 
both  reduced  almost  instantaneously  to  ammonia.  Nevertheless, 
even  their  temporary  action  may  be  of  some  moment  in  this 
connection,  as  tending  to  the  conversion  of  humus  into  ammonium- 
apocrenate  and  organic  acids  of  the  higher  oxidation :  such  as 
formic  and  oxalic  acids,  as  found  by  laboratory  experiment. 
Hydrochloric  acid^"^  is  also  found  diffused,  in  minute  quantity,  in 
the  air  above  salt  marshes. 

M  Gmelin's  Handbook,  XVn,  444,  etc.    Dana,  Syst  of  Min.,  747,  etc. 
M B. Leeds,  Ann.  N.  T.  Acad.  Sci.,  1879, 1;  D.oh.  Gesells.,  1879,  XH,  188. 
^  Sometimes  producing  an  acid  rain,  Dacr^s,  Jonr.  de  Ptiarm.,  1845,  AprU. 
u  Cli.  Chabrier,  Ann.  de  Gb.  et  Phjs.,  1871,  (4),  XXIU,  161. 
••Chabrier,  Compt.  rend.,  ISH,  LXXIU.  485. 
•7  S.  W.  Johnson,  How  Crops  Feed,  1877, 98. 
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§  15.  Carbon  dioxide, — The  list  of  organic  acids  of  humus  may 
be  closed  by  carbon  dioxide,  probably  the  most  important  of  all, 
and  the  final  and  stable  product  of  the  decomposition  of  all  the 
rest.  Its  nature  and  that  of  its  important  work  in  chemical  geol- 
ogy have  been  the  subject  of  extensive  investigation  and  are  too 
well  known  to  need  any  review  here,  in  the  humus  layer  itself,  it 
is  derived  in  part  from  the  atmosphere,  and  in  part  from  the 
decomposition  of  the  humus,  especially  in  its  superficial  layer. 
Its  abundance  there  is  indicated,  according  to  the  analyses  of 
Boussingault  and  Lewy,*^  by  the  following  figures,  representing 
the  number  of  cubic  feet  of  carbon  dioxide  contained  in  a  layer 
fourteen  inches  deep  over  an  acre  of  soil. 

Ordinary  atmosphere  ...  12  cubic  feet. 

Surface  soil  of  forest  ...  57     "        " 

Sandy  subsoil  of  forest  ...  14     "        ** 

Loamy     **       "       "  ...  28      "        " 

However,  it  by  no  means  follows  that  the  solution  of  inorganic 
matter,  even  in  soils,  must  be  brought  about  by  this  acid :  since,  as 
Johnson  notices,^  it  has  been  found  that,  even  in  soils  rich  in 
organic  matter,  the  water  contained  only  two  per  cent,  of  carbon 
dioxide,  instead  of  one  hundred  per  cent,  or  its  own  bulk,  its 
normal  solvent  power  at  60**  F.^®  By  a  known  law,  the  presence 
of  other  diffused  gases  has  in  this  case  hindered  its  solution.  In 
his  two  brief  but  interesting  papers^*  on  the  behavior  of  humus- 
materials  toward  minerals,  and  influence  upon  their  solubility  and 
alteration,  Senft  has  pronounced  decidedly  that  there  must  be 
other  fluids,  besides  the  solution  of  carbon,  dioxide,  which  produce 
the  alteration  of  minerals,  the  decomposition  of  species  which  are 
insoluble  in  pure  and  carbonated  waters,  and  even  their  re-deposit 
in  an  unaltered  condition.  The  fluids  9f  chief  eflaciency  he  be- 
lieves to  be  solutions  of  the  alkaline  (especially  ammoniacal) 
salts  of  ulmic,  humic,  crenic  and  apocrenic  acids. 

For  these  among  other  reasons,  it  appears  that,  in  the  infiltra- 
ting solutions  which  are  carrying  on  the  chemical  alteration  within 
the  underlying  strata,  an  undue  prominence  has  in  very  many 

••  M^m.  de  Chim.  agrio.,  869. 
**S.  W.  Johnson,  How  Crops  feed,  221. 

•0  De  Saussure,  Reoh.  chim.  sar  la  Veg^t.,  168.  Also  Van  den  Broek,  Ann.  d.  Cb. 
D.  Ph.,  116,  87. 

•>  Zeits.  d.  D.  geol.  GeseUs.,  ISH,  XXTII,  665,  and  1874,  XXVI,  064. 
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cases  been  assigned  to  the  action  of  carbon  dioxide,  in  comparison 
with  or  in  entire  disregard  of  the  work  of  its  associates.  Senft 
has  explained  {loc,  cit.)  that  the  solutions  of  the  other  humus- 
acids  are  readily  converted  by  a  natural  decomposition,  constantly 
in  progress,  into  solutions  of  carbon  dioxide.  This  fact  appears 
to  me  to  show  another  important  office  served  by  the  former,  in 
acting  as  carriers  of  carbon  to  lower  depths.  There,  by  gradual 
oxidation,  they  yield  a  supply  of  carbon  dioxide  for  chemical 
work,  where  perhaps  thermal  conditions  might  have  prevented  its 
entrance  in  ordinary  carbonated  solutions.  Illustrations  of  this 
fact  may  be  found  in  the  thermal  and  therefore  non-aerated  water 
of  St.  Allyre,  near  Clermont,  France,  which  contains  0.0046  per 
cent,  of  crenic  and  apocrenic  acids  combined  with  iron,  and  even 
•  5  per  cent,  in  its  deposit  of  travertin :  also  in  the  thermal  waters  of 
Luxeuil,  France,  which  deposit  a  travertin  containing  1.02  per 
cent,  of  crenic  acid.*^ 

IV.  Conditions  op  Existence. 

§  16.  Genesis  of  the  humus  acids. — ^The  conditions  which  affect 
the  genesis  of  the  humus-acids  have  yet  to  be  carefully  studied. 
It  is  sufficient  here  to  remark  that  they  belong  chiefly  to  three 
classes.  First,  the  materials  supplied  for  decomposition  must  de- 
pend upon  the  flora  of  the  locality,  which  may  vary  with  latitude, 
elevation  above  the  surface,  and  local  conditions  of  climate. 
Secondly,  the  nature  of  the  decomposition  will  be  chiefly  affected 
by  climate,  exposure  to  sunlight,  and  amount  of  aeration.  For 
example,  it  may  be  expected  that  in  a  comparatively  warm,  moist 
climate,  with  an  atmosphere  rich  in  ozone,  and  a  layer  of  humus 
resting  upon  a  porous  stratum,  the  most  rapid  and  highest  oxida- 
tion will  be  carried  on,  and  yield  the  largest  product  of  the  most 
complex  and  freely  soluble  acids ;  while,  on  the  other  hand,  in  a 
dense  swamp  or  heavy  forest,  in  a  cold  climate,  a  large  part  of  the 
humus  will  remain  insoluble,  and  a  relatively  small  proportion  of 
certain  acids  will  be  formed.  Lastly,  the  transference  and  destina- 
tion of  the  products  of  decomposition  will  chiefly  depend  upon  the 
rainfall,  as  the  agent  of  transport;  upon  the  temperature,  as 
affecting  both  the  movement  of  meteoric  waters  and  the  permea- 
bility of  the  surface ;  upon  the  topography,  as  determining  the 
rapidity  and  direction  of  the  flow  of  sub-aerial  streams ;  and  upon 

•«Both,  op.cU.,  1,583,590. 
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the  lithological  character  of  the  superficial  strata,  as  conditioning 
the  subterranean  absorption  of  the  solutions  from  above. 

§  1 7.  Duration  of  the  humus  acids. — ^The  duration  of  these  acids, 
both  in  existence  and  in  chemical  action,  is  also  affected  by  a  great 
variety  of  conditions  similar  to  those  already  mentioned.  Except 
where  vast  periods  of  time  have  been  allowed,  no  extensive  or 
deep-seated  effect  may  be  assigned  to  their  action,  in  geological 
work,  unless  the  circumstances  have  been  such  as  to  afford  them 
in  large  and  constant  supply,  in  dissolved  and  most  erosive  form, 
and  in  favorable  application  to  soluble  and  porous  masses  of  rock. 
But  on  account  of  their  extreme  instability,  through  their  rapidity 
and  ultimate  certainty  of  complete  oxidation,  it  must  always  oc- 
cur that,  however  great  the  work  they  have  accomplished,  th£  a/^ids 
themselves  ha/oe  with  rare  exceptions  completely  disappeared.  A 
portion  of  the  carbon  remains  locked  up  in  the  beds  of  coal  and 
graphite ;  and  a  still  less  amount,  now  and  then,  as  a  carbonate ; 
or  a  trace  of  azo-humic  acid  may  be  represented  in  the  "  empy- 
reumatic  odor"  of  the  distillate  of  some  mineral;  or  even  such 
acids  as  humlc  and  crenic  may  remain  imprisoned  in  the  tenacious 
hold  of  deposits  of  ferric  hydrate  or  of  manganese  oxides,  of  re- 
cent age  or  close  subterranean  envelopment.  But  the  greater 
portion  of  the  substance  of  these  erosive  agents  has  returned  to 
the  atmosphere ;  and  it  is  for  this  reason,  I  think,  that  their  geo- 
logical work  has  been  underrated,  or  attributed,  to  an  excessive  ex- 
tent, to  a  single  member  of  the  group  —  carbon  dioxide. 

V.  Natural  Solutions. 

§  18.  Varums  investigations. — The  solutions  occurring  in  nature 
which  serve  as  the  agents  of  transference  of  the  acids  of  humus  to 
their  various  fields  of  chemical  action,  the  identity  of  the  acids  in 
each  menstruum,  their  amount,  the  nature  of  their  combinations 
with  bases,  and  the  alterations  they  undergo,  have  already  been 
the  subject  of  careful  enquiry  by  many  analysts.  The  waters  of 
bogs  and  peats  have  been  examined  by  Llebig  and  Vohl ;  those 
of  springs  and  mineral  waters,  by  Lersch,  Eersten,  T.  S.  Hunt, 
C.  F.  Chandler,  etc. ;  and  those  of  rivers  by  Ste.  Claire  Deville, 
Hunt,  Peligot  and  others. 

From  the  works  of  Johnson,  Liebig,  etc.,  the  following  table 
has  been  compiled,  showing  the  percentage  proportion  of  silica  in 
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the  total  amoant  of  solid  matters  obtained,  by  various  analysts, 
in  solutions  of  natural  products,  viz. :  in  aqueous  solutions  of  22 
soils  (Krocker,  Way,  Zoller,  E.  Wolf,  Grouven,  etc.)  :  in  a  solu- 
tion of  decaying  moss  (U.  Vohl) :  in  a  solution  of  saltmeadow 
muck  (Harms) :  in  a  bog-water  at  Munich  (Liebig) :  and  in  an 
artificial  solution  of  peat  (R.  Hoffhian). 

Soluble    SUica. 


Soils,  average  5  :  trace  to  28. 

Decaying  moss  17. 

Saltmeadow  muck    4. 

Bog  water  8. 

Peat  trace. 


Percentage  in 

residue  of 
water-solution. 


The  connection  of  the  solvency  of  silica  with  the  dissolved 
humus  matters  ha^  peen  generally  recognized ;  but  these  figures 
suggest  that  the  solution  of  silica  in  natural  waters  is  effected, 
not  so  much  by  the  constituents  of  black  humus  as  by  those  of  the 
brown  or  ulmine,  i.  6.,  by  the  vegetable  matters  in  a  state  of  active 
decay  and  rich  in  nitrogen,  in  a  thin  upper  layer  of  soils,  forest- 
litter  and  peat-bogs,  which  is  leached  out  by  waters  fiowing  over 
the  surface.  Bonis  found  a  large  amount  of  silica  in  the  album- 
inoids of  mineral  waters,  even  80  per  cent,  in  glairine^  which  con- 
tains less  nitrogen  than  the  other  organic  matters,  and  is  not  a 
true  albuminoid.  Such  a  substance  may  generally  act  as  the 
medium  for  the  solution  of  silica,  afterwards  transferring  it  to 
the  products  of  higher  oxidation,  such  as  the  azohumic,  crenic 
and  other  acids. 

'  A  partial  confirmation  of  this  theory  appears  to  be  furnished 
by  the  extraordinary  richness  of  the  waters  of  the  marshes  and 
of  the  subsoil  of  the  Landes,  near  Bordeaux,^^  both  in  albuminoid 
organic  matter  (0.041  to  0.186  gramme  to  the  litre  of  water)  and 
in  silica  and  oxide  of  iron  (0.016).  The  district  is  underlaid  by 
an  impenetrable  layer  (called  '*  alios  ")  of  siliceous  sand  aggregated 
by  vegetable  matter.  The  amount  of  albuminoid  matter  decreases 
in  the  subsoil  waters  with  their  depth  below  the  surface  of  the 
soil :  those  resting  upon  a  layer  of  ''  alios  "  at  a  depth  of  1  or  2 
metres  (*^eaa  aliosique  albumineuse")  containing  0.186,  while 

«  Faiir«,  Ann.  de  Ch.  et  Phys.,  1868,  (8),  XXXTX,  85. 
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those  at  a  depth  of  8  to  4  metres  ("  eau  aliosique")  contain  only 
0.105  gramme. 

§  19.  Humus  adds  in  river-waters, — In  rivers  it  has  been  pointed 
out  by  Hunt  that  an  intimate  connection  exists  between  a  hydro- 
graphical  basin  abounding  in  humus,  and  a  large  content  of  dis- 
solved silica  in  the  river- water  ;^^  and  he  illustrates  the  statement 
by  a  reference  to  two  rivers  (italicized  below).  The  subject  needs 
a  more  extended  illustration  here,  to  suggest  the  amount  of  trans- 
ference of  silica  by  organic  acids  to  the  coast.  The  following  table 
has  been  compiled  therefore  from  the  best  published  analyses,  by 
Deville,  Frankland,  Maumene,  Peligot,  Chandler,  H.  Wurtz,  etc. 
Deville  found  silica  to  be  present  in  all  the  waters  analyzed,  as  well 
as  organic  matters,  often  containing  crenic  and  apocrenic  acids ; 
he  refers  the  color  of  the  waters,  blue,  green,  or  yellow,  to  the 
amount  of  their  content  of  organic  matters,  but  not  the  solution 
of  silica :  this  he  considers  as  probably  effected  by  a  little  alkali, 
either  free  or  as  carbonate.^^ 

The  figures  below  show  the  percentage  proportion  of  silica  in 
the  total  amount  of  inorganic  solid  matters  in  the  waters  of  each 
river.  Except  in  the  case  of  the  Thames,  where  a  full  series  is 
presented,  and  that  of  the  Nile,  where  the  sample  was  taken  at  a 
great  distance  (2  hours)  below,  no  analytical  results  have  been 
admitted  which  have  been  obtained  f^om  samples  taken  below 
large  cities :  since  the  influence  of  sewage,  the  waste  products  of 
manufactories,  etc.,  would  have  vitiated  the  application  of  such 
data  to  our  present  purpose.  The  absolute  amount  of  silica  con- 
veyed is  of  course  by  no  means  represented  by  these  flgures. 

Silica  Dissolved  in  JUver-ioaters. 


Eze  (Exeter) 

tr€ux. 

Mohawk  (Schenectady) 

6 

Rhine  (Cologne,  1870) 

0.2 

Thames  (Barnes) 

6 

Cetinje  (Dalmatia) 

0.6 

Severn  (Wales) 

5 

Danube  (Bada  Pesth) 

0.8 

Rhine  (Bonn) 

6.2 

Arve 

0.9 

Hudson  (Albany) 

6.4 

Yesle  (Chateau  d'  Eau) 

0.9 

Thames  (Lambeth) 

6.7 

Aar  (Berne) 

1.2 

Rhine  (Arnheim) 

6 

Rhine  (Basle) 

1.8 

Dee  (Aberdeen) 

6.3 

Suippe  (Rheims) 

1.3 

Doubs  (Riotte) 

6.9 

Thames  (Twickenham) 

1.4 

Maas  (Bocholt) 

8.9 

Dwina  (Archangel) 

1.7 

Maas  (Hocht) 

9 

Maas  (Grave) 

2 

Passaic  (Belleville) 

9.2 

SchuyllcUl  (Philadelphia) 

2 

Seine  (Berry) . 

dA 

•*  Op,  eU,f  1878, 126, 160. 

M  H.  Ste.  C.  DevUle,  Ann.  de  Ch.  et  Ph.,  1848,  (3),  XXUI,  82-88. 
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Main  (Offenbach)  2 

iB^re  (Grenoble)  2.1 

Thames  (Kew)  2.8 

Seine  (Paris)  2.7 

Clyde  (Glaegow)  3 

Mame  8.8 
Tbames  (Ditton  &  Greenwich)     8.3 

LUtscliine  (Grindelwald)  3.7 

Thames  (Red  House)  3.8 

Spree  (Berlin)  8.8 

Danube  (Vienna)  4 

Ouroy  (St.  Denis)  4.2 

Elbe  (Hamburgh)  4.2 

Maas  (Arendonck)  4.3 

Weichsel  (Culm)  4.5 


Maas  (Pierre  Bleue)  10 

Croton  10 

Don  (Aberdeen)  10.6 

Delaware  (Trenton)  14.9 

Passaic  (Newark)  15 

Nile  (below  Cairo)  16.1 

Moldau  (Prague)  16.7 

Parana  (above  mouth)  19.9 

St,  Lawrence  (Vaudreuil)  23 

Yonne  (Avallon)  24.7 

Garonne  (Toulouse)  29 

Loire  (Orleans)  30 

Mihanadi  (Cuttack)  82.5 
Ottawa  (St.  Anne's  Rapids)   88.7 


Along  the  St.  Lawrence  ^'  the  granite  of  the  main  and  islands 
is  almost  everywhere  covered  with  peat,  full  of  stagnant  ponds 
of  dark  bog-water;"  while  the  Ottawa  "drains  a  region  occupied 
chiefly  by  crystalline  rocks,  covered  by  extensive  forests  and 
marshes."^  With  the  river  Dee  "the  bounding  ridges  of  the 
valley  are  mostly  granite  and  gneiss,"  and  only  a  small  pro- 
portion of  clay  and  peat  occurs  in  the  valley  ;  the  river  Don  rises 
in  mossy  ground  and  passes  finally  through  alluvial  meadows, 
assuming  a  brown  color  from  peat.^^  The  swampy  sources  or 
marshy  banks  of  the  Nile,  Passaic,  and  other  rivers,  are  well 
known,  as  well  as  the  peaty  rock-basins  of  the  glaciated  surfaces 
which  drain  into  such  pure  waters  as  those  of  the  Croton,  Dela- 
ware, etc.  The  river  Mahanadi  drains  "  a  sparsely  cultivated  forest 
country."^®  Along  the  Croton  river,  "  swamps  occur  in  some  por- 
tions of  the  watershed,  where  the  waters  linger  on  peaty  deposits" 
(C.  F.  Chandler).  In  other  river- waters,  however,  only  a  trace  of 
organic  matter  has  been  found  in  solution,  but  the  percentage  of 
silica  in  the  residue  is  large:  e.  g.^  the  Schuylkill  (9  to  15  per 
cent.),69  the  glacier-rivers,  Moll  (29.8)  and  Oetz  (32.5),  the  Uru- 
guay (46.4),^^  etc. ;  in  such  cases  the  solution  has  been  effected 
by  the  water  itself  or  by  alkaline  salts. 

Without  further  considering  the  varied  influence  of  local  con- 
ditions, etc.,  it  is  sufficient  to  notice  the  usually  low  percentage  of 
silica  dissolved  near  the  issue  of  the  head-waters  from  a  glacier,  or 
from  a  rocky  watershed,  especially  where  the  latter  is  underlaid  by 

••Hunt,  Essays,  126;  Bayfield,  Trans.  Geol.  Soc,  1840,  (2),  V,  99. 

•»  Dr.  J.  Smitii,  Jour.  Ch.  Soc.  1852,  IV,  125. 

••  E.  Nicholson,  Jour.  Cli.  Soc,  1873,  (New  Ser.),  XI,  229. 

••  M.  H.  Boy^,  Am.  J.  Sci.,  1850,  (2),  IX,  123. 

'•J.  J.  Y.  Kyle,  Ch.  News,  XXXVni,  28. 
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strata  deficient  in  silica ;  its  increase  with  the  flow  of  the  river, 
especially  through  cultivated  lands;  and  its  excess,  where  the 
banks  are  rich  in  siliceous  sands  and  in  humus,  either  from  peat- 
bogs or  from  high  cultivation,  and  where  the  current  is  slow. 

But  this  solvency  of  silica  is,  so  far  as  due  to  organic  matter, 
evidently  dependent  upon  combination  with  organic  acids  like 
the  azo-humic  of  Thenard,  and  proportionate  to  their  amount. 
The  original  analyses  also  show  that  the  amount  of  "organic 
matter"  in  solution  may  often  be  large,  without  a  corresponding 
increase  in  that  of  the  dissolved  silica,  probably  and  chiefly  be- 
cause little  of  the  former  has  been  in  the  exact  condition  to  ac- 
complish the  solution ;  but  a  large  amount  of  dissolved  silica  is 
almost  always  accompanied  with  a  large  amount  of  "organic 
matter." 

§  20.  Humus  acids  in  mineral-waters. — ^The  same  agency  is 
suggested  by  the  presence  of  dissolved  organic  matter  in  sub- 
terranean waters,  as  detected  by  analysis  on  their  issue  as  com- 
mon or  mineral  springs.  Both  in  the  waters  and  in  their  sub- 
aerial  deposits,  the  proportion  of  "organic  matter"  is  notable, 
1  or  2  per  cent,  in  the  case  of  the  tufa  of  the  Springs  of  Sara- 
toga, N.  Y. ;  but  only  in  comparatively  rare  instances  has  the 
exact  character  of  this  constituent  been  determined  by  the 
analyst:  e.  g.,  the  small  amount  of  apocrenic  acid  in  the  "spru- 
delstein"  deposited  by  the  Carlsbad  Sprudel-spring  (Ragsky :  vide 
Roth,  op.  cit.,  p.  579).  Yet  both  its  tendency  to  combine  with  silica, 
and  its  acid  nature,  have  been  quite  certainly  established,  and 
should  be  considered  in  calculations  of  the  proximate  combination 
of  the  other  constituents  ;  the  absence  of  such  consideration  may 
have  had  a  bearing  upon  Bome  past  discordance  in  the  results  of 
mineral-water  analyses.^^ 

The  presence  of  organic  matter  in  the  thermal  waters  of  Reick- 
umer,  in  the  hot  springs  of  Iceland,  etc.,  has  convinced  Bischof 
that  "  organic  substances  must  play  an  important  r61e  particularly 
in  the  formation  of  mineral  springs ;"  this  he  illustrates  by  the 
observation  that  "crenate  of  soda  and  crenate  of  lime  possess 
the  power,  not  only  to  dissolve  a  certain  quantity  of  carbonate 
of  lime,  but  also  to  protect  a  perhaps  greater  quantity  of  the 
same  from  precipitation  during  the  expulsion  of  carbonic  acid 

T>  For  example,  perhaps,  In  that  of  the  TrefHw  mineral  water,  Ch.  News,  1875,  XXXI, 
87. 
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by  heat"  (Erd.  Jour.  f.  pr.  Ch.,  1884,  H,  70-72,  80).  It  has 
been  already  suggested,  that,  in  this  group  of  organic  acids  and 
the  other  soluble  organic  matter  of  less  certain  character,  we  have 
a  carrier  of  carbon  to  subterranean  depths  and  thermal  conditions 
it  could  not  have  reached  in  the  form  of  carbon  dioxide.  It  may 
also  be  that,  by  the  slow  but  sure  subterranean  oxidation  of  these 
acids,  as  well  as  by  their  action  upon  limestone-strata,^^  vast 
^quantities  of  carbon  dioxide  must  be  continually  evolved,  expelled 
by  the  temperature  of  the  solutions  to  higher  and  cooler  horizons, 
not  only  producing  an  extensive  chemical  erosion  and  alteration 
of  the  rock-material,  but  often  collected  under  strata  impervious 
to  gases,  and  finally  escaping  through  fissures,  joints  and  faults. 
In  this  way  may  have  been  effected,  in  many  cases,  the  saturation 
of  mineral-waters  by  gaseous  carbon  dioxide,  as  well  as  its  concen- 
tration and  pressure  indicated  by  the  spouting  through  the  artesian 
borings  for  water  and  oil.  Undoubtedly  in  other  cases,  the  source 
of  the  gas  must  be  found,  according  to  the  accepted  theories,^^  in 
its  evolution  from  the  interior  of  the  earth,  or  in  the  reaction  be- 
tween silica  and  calcium-carbonate,  etc.  In  the  case  first  men- 
tioned, the  source  of  the  dissolved  organic  matter,  which,  accord- 
ing to  my  hypothesis,  has  generated  the  carbon  dioxide  or  other 
organic  acids,  may  be  found  in  some  subterranean  supply  :  e,  g,y 
in  the  artesian  wells  of  Trafalgar  Square,  London,  the  remarkably 
large  amount  of  organic  ("extractive")  matter  in  the  deep  well- 
water  (0.00096  per  cent.),  it  is  stated,  "evidently  arises  from  the 
remains  of  organized  beings  which  have  invariably  been  found  in 
the  Chalk. "^'^  But  the  dissolved  organic  matter  may  have,  in  other 
instances,  a  superficial  origin ;  such  a  connection  has  been  already 
inferred  in  the  mineral-waters  of  Chambly,  Moscow,  Forges-les- 
Eaux,  etc.,  and,  in  this  country,  we  may  yet  have  to  look  to  the 
abundant  peat-bogs  of  Saratoga,  N.  Y.,  and  its  vicinity,  not  only 
for  the  contribution  of  an  important  group  of  solvents — the  humus- 
acids— of  the  bases  found  in  the  mineral- waters  of  that  region,  but 
also  for  the  supply  of  the  material  for  the  carbon  dioxide  gas 
whose  saturation  produces  their  effervescence. 
It  has  been  found  that  the  unctuosity  of  thermal  waters,  con- 

^>  Hermann  thus  accoants  for  the  carbon  dioxide  in  the  Moscow-water  (Erd.  Jour.  f. 
pr.  Ch.,  1842,  XXV,  208). 

n  Bischof,  op.  cU.,  1, 63, 217, 236.    Hunt,  op,  cit.,  8, 102, 112, 148. 

T«  F.  A.  Abel  and  T.  H.  Rowney,  Jour.  Ch.  Soc.,  1849, 1, 102.  See  also  Hunt,  op,  cU,f 
1S2;  and  B.  Brandos,  loo.  ctt.,  106,  etc. 
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taining  sodium  sulphide,  is  produced  by  substances  styled  glairine, 
hydrosin,  baregine,  or  "  zoogene,  formed  of  microscopic  algae,  re- 
lated to  Hygrococis  and  Leptothrix,"  which  contain  a  considerable 
proportion  of  silica,  even  over  sixty  per  cent.  In  the  anal3'se8 
of  the  waters  of  ordinary  and  mineral  springs,  artesian  wells, 
etc.,  there  have  been  very  generally  reported  traces  of  albuminoid 
matter,  dissolved  humus,  asphalt,  petroleum,  resin,  animal  matter 
or  mucus,  humic  extract,  etc.,  which  must  probably  serve  as  the 
crude  materials  for  the  constant  supply  of  the  organic  acids  gener- 
ally associated.  Of  the  occurrence  of  the  latter,  reported  in 
published  analyses  of  mineral-waters,  I  have  compiled  the  follow- 
ing list  from  numerous  sources,  mostly  well-known. 

Humic  acid,  in  the  mineral- waters  of  Wurtemberg ;  e.  gr.,  a  trace 
in  the  Soden,  Winklerbrunnen  (Schweinsberg)  ;  0.12  grain  in  16 
oz.,  Steben  (Vogel)  ;  0.157  grain,  Konigswarth,  Trinkquelle  (Ber- 
zelius) ;  0.065  grain  aluminum-humate,  Giengen,  near  Brenz 
(Salzer) ;  mineral-water  of  Tatenhausen  (R.  Brandes,  Pogg, 
Ann.,  1830,  XIX,  98). 

Crenic  acid,  traces  in  the  mineral- waters  of  Ronneburg  (Dobe- 
reiner) ;  as  ferrous  crenate,  in  the  springs  of  France,  at  Audinac, 
Ari6ge  (Filhol),  Campagne,  Aude  (Fi-lhol),  Chateauneuf,  Puy-de- 
Dome  (Lefort),  Condillac,  Drome  (O.  Henry),  Vittel,  Vosges 
(Henry),  Lamotte,  Isere  (Henry),  Martigny,  Vosges  (Jacquemin), 
Rennes.  Aude  (Henry),  Lamotte-les-Bains,  Isere  (Henry)  ;  0.002 
gm.  to  the  litre,  Coise,  Savoy  (P.  Morin)  ;  0.02  gm..  Saint  Par- 
doux,  Allier  (Henry)  ;  0.013  gm.,  Sermaise,  Marne  (Henry)  ; 
sodium  and  ferrous  crenate,  Bussang,  Vosges  (Henry)  ;  potassium- 
crenate,  Sentein,  Ariege  (Henry) ;  0.04  gm.  ferrous  crenate  and 
carbonate,  in  Jonas  Spring,  and  0.017  gm.  ferrous  crenate,  in 
Thermal  Spring,  Bourbon-L'Archambault,  Allier  (Henry) ;  0.098 
gm.  ferrous  crenate,  and  0.002  gm.  potassium-crenate.  Forges- les- 
Eaux,  Lower  Seine  (Girardin  &  Morin,  and  Boutigny)  ;  0.149  grain 
of  torfocrenic,  trace  of  humocrenic,  and  0.235  grain  of  torfoxycrenic 
acid,  in  combination  with  ammonia  and  ferrous  oxide,  in  the  min- 
eral-water of  Moscow,  Russia  (Hermann) ;  0.359  grain  to  imp. 
gallon,  Pitville  strong  saline  water,  0.333  grain.  Royal  Old  Wells 
No.  4,  16.825  grains.  Royal  Old  Wells,  No.  1,  Cheltenham  (Abel 
&  Rowney)  ;  0.64  grain  to  U.  S.  gallon.  Chalybeate  Springs  of 
Minneapolis  (S.  D.  Hayes), "^^  etc. ;  Birchdale  Spring,  N.  H.  (C. 
^>Geol.  and  N.  Hist.  Survey,  Minn.,  1876, 198. 
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T.  Jackson)  ;  Alburg  Springs,  Vt.  (C.  T.  Jackson)  ;  0.112  grain 
to  U.  S.  gallon,  Highgate  Springs,  Vt.  (A.  A.  Hayes)  ;  0.089 
grain  calcium-crenate,  and  1.801  grain  "  crenate  silica,"  Cooper's 
Well,  Miss.  (J.  L.  Smith)  ;  0.812  grain  ferrous  crenate  in  the 
thermal  waters  of  the  Warm  Springs  (A.  A.  Hayes)  and  0.108 
grain  crenic  acid  in  those  of  the  Healing  Spring  (W.  E.  A. 
Aikin),  both  in  Bath  County,  Va. ;  0.222  and  0.232  grain  ammo- 
nium-crenate  in  the  two  Bath  Alum  Springs,  Va.  (A.  A.  Hayes)  ; 
0.455  grain  calcium-crenate,  and  0.01  grain  ferrous  crenate,  Berk- 
eley Spring,  Va.  (A.  A.  Hayes)  ;  0.066  grain  ammonium-crenate, 
and  0.085  grain  ferrous  crenate,  Jordan  Alum  Spring,  Va.  (W. 
E.  A.  Aikin) ;  0.63  grain  ammonium-crenate,  Stribling*s  Sulphur 
Spring,  Va.  (Campbell) ;  0.4-0.98  grain  crenic  acid,  (0.7-1.401 
grain  ammonium-crenate),  Rockbridge  Alum  Springs,  Va.  (A.  A. 
Hayes)  ;  etc. 

Apocrenic  and  crenic  acids,  traces ;  Porla  Spring,  Sweden  (Ber- 
zelius)  ;  Rochefort  artesian  water  (Boux)  ;^^  Lamalou,  H6rault 
(Moitessier)  ;  ferrous  crenate  and  apocrenate,  Chateau-Gonthier, 
Mayenne  (Henry)  ;  Alleghany  Spring,  Va.  (F.  A.  Genth)  ;  0.076 
grain  apocrenic  acid  to  U.  S.  gallon,  and  0.091  grain  crenic  acid, 
Bladen  Spring,  Ala.  (R.  T.  Brumby)  ;  0.002  grain  of  both  acids, 
Catoosa  Spring,  Ala.  (W.  J.  Land) ;  ferrous  crenate  and  apocren- 
ate, Seneca  Spring,  S.  C.  (W.  J.  Land)  ;  0.137  grain  crenic,  0.099 
grain  apocrenic,  to  imp.  gallon,  Trafalgar  Square  artesian  water, 
London  (Abel  &  Rowney) ;  0.248  grain  crenic,  0.147  grain  apo- 
crenic, Cambray  Spring,  Cheltenham  (Abel  &  Rowney) ;  1.026 
grain  crenic,  1.415  grain  apocrenic,  Bristol,  England  (Herapath)^  ; 
0.0046  per  cent,  ferrous  crenate  and  apocrenate,  in  the  thermal 
waters  of  St.  Allyre,  near  Clermont,  France  (Girardin)^® ;  0.00186 
per  cent,  crenic  and  apocrenic  acids,  with  traces  of  propionic  and 
formic  acids,  in  the  Eckholtz  Spring,  Ronneby,  Sweden  (Ham- 
berg)."'» 

Formic  acid^  trace,  in  the  water  nearly  saturated  with  carbon 
dioxide,  Carlsbrunn,  Austrian  Silesia  (Schneider)  ;8®  0.0048  gm. 
formic  acid  to  the  litre,  with  trace  of  acetic  acid^  St.  Boes,  Pyre- 
nees (Garrigon).®* 

'•Jour,  de  Ph.  et  Ch.,  1872,  Feb.  '^  Jour.  Ch.  Soo.,  1860,  II,  200. 

'8  Ann.  d.  Mines,  1837,  (3),  XI.  458.  '•  J.  pr.  Ch.,  1880,  80, 396. 

•«  Proc.  Acad.  Vienna,  1802,  Apr.  2.  "  Am.  Chem.,  1873,  IV,  820. 
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Butyric  ddd^  trace,  Old  Crescent  Well,  Harrogate,  England 
(Fairly)  .82 

MdlUic  acid  (?),  Geic  acid^  etc.,  in  mineral-waters  of  France 
(P.  Labarthe,  Les  Eaux  Min.,  etc.,  de  la  France,  1873,  3). 

The  survival  of  traces  of  acids  of  such  complex  constitution 
may  have  therefore  great  significance;  and  it  is  important  to 
remember  that  the  presence  of  even  the  minute  proportion,  styled 
a  trace^  in  the  waters  of  a  spring  of  free  and  constant  flow,  im- 
plies the  annual  delivery  of  a  large  absolute  amount. 

The  use  of  the  term  "  organic  matter,"  in  the  thorough  exami- 
nation of  mineral-waters,  may  yet  become  obsolete,  as  indicating 
too  gross  an  imperfection  of  analysis ;  and  the  exceptional  cases, 
in  which  the  organic  constituent  of  waters  or  solid  substances  has 
already  been  determined  with  exactness,  may  yet  be  searched  for 
by  future  workers  as  at  last  possessing,  for  certain  purposes,  an 
invaluable  significance. 

The  influence  of  the  character  and  amount  of  nitrogenous  or- 
ganic matter  in  solution  upon  the  potability  of  waters  is  well 
known.  The  suggestive  observations  of  a  few  analysts  hint  also 
at  the  possible  assignment,  to  the  organic  constituents  in  certain 
mineral-waters,  of  the  subtle  agency  to  which  their  therapeutic 
value  is  due ;  for  example,  for  the  supply  of  a  ferruginous  salt 
in  the  form  most  assimilable  in  digestion,  or  more  directly,  if 
highly  nitrogenous,  in  scrofulous  diseases,  etc.®^  Instances  of 
the  occurrence  of  such  acids  in  mineral-waters  have  just  been 
given,  and  a  single  illustration  of  their  indirect  action  will  suffice. 
The  Greenbrier  White  Sulphur  Springs  of  Virginia  contain  in  a 
gallon,  by  the  analysis  of  Mr.  S.*  D.  Hayes  of  Roxbury,  Mass., 
11.29  cubic  inches  of  carbon  dioxide.  The  saline  matter  in  50,000 
grains  consists  chiefly  of  calcium  and  magnesium-sulphates  and 
calcium-carbonate,  and  also  contains, 

Organic  matter,  3.74 ;  Silica,  1.34,  etc. 

''The  alkaline  bases  are  also  in  very  small  proportion,  and  seem 
to  be  united  to  the  siliceous  earths  in  combination  with  a  peculiar 
organic  matter.  The  organic  matter  in  its  physical  and  chemical 
character  resembles  that  found  in  the  water  of  the  Red  Sulphur 
Springs,  and  differs  essentially  from  the  organic  matter  of  some 

M  Oh.  NeWB,  1874,  XXX,  151. 

"  Boutigny,  Compt.  rend.,  1871|  LXXm,  249;  Brandes,  loc,  cU.,  03. 
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thermal  waters.  ♦  ♦  ♦  ♦  The  medicinal  properties  of  this  water 
are  probably  due  to  the  action  of  this  organic  substance,"  through 
the  generation  of  sulph-hydric  acid  from  the  earthy  sulphates. 

ACTION  WITHIN  LOOSE  DEPOSITS. 

YI.   Sands  and  Gravels. 

§  21.  General  chemical  action. — The  published  observations  on 
the  chemical  action  of  the  acids  of  humus  in  nature  are  rather  of 
limited  character,  and  have  hitherto  been  naturally  confined  to 
agricultural  chemistry  and  to  the  formation  of  bog-ores.  The 
great  work  of  Bischof,  to  which  reference  would  naturally  be 
made  for  information  on  this  subject,  is  found  to  be  extremely  de- 
ficient, in  view  of  recent  investigations ;  and  it  seems  therefore 
desirable  first  to  consider  briefly  those  views  of  this  author  which 
pertain  to  this  field.  His  chief,  almost  only,  discussion  of  the 
group  of  humus-acids  is  contained  in  a  few  pages  of  the  first  volume 
of  his  work.  He  describes  the  general  properties  and  reactions 
of  humic,  crenic  and  apocrenic  acids,  and  states  that  '^  in  marshes 
and  morasses  there  is  then  no  want  of  acids  which  are  capable  of 
dissolving  protoxide  and  peroxide  of  iron,  and  Kindler's  observa- 
tions show  that  such  solutions  really  take  place."®^  The  only  acid 
or  constituent  of  humus,  however,  with  which  he  afterwards  con- 
nects general  and  actual  solvent  action  in  nature  is  carbon  dioxide, 
and  this  is  fully  and  constantly  referred  to  throughout  the  work. 
The  influence  of  "  organic  matter  "  is,  it  is  true,  frequently  consid- 
ered, but  almost  always  as  merely  the  reducing  agent  of  sulphates 
and  higher  oxides,  preparing  the  bases  for  solution  in  the  great 
menstruum,  carbon  dioxide  (op.  ctY.,  1, 52,  etc.).  In  regard  to  the 
solution  of  iron-oxides,  he  evidently  believes  that  ferruginous  waters 
must  be  necessarily  almost  always  carbonated,  and  even  states  that 
*'hydrated  peroxide  of  iron  is  never  present  in  water"  (II,  467), 
disregai*ding  the  ammoniacal  solutions  of  the  crenates,  etc.,  to 
which  he  had  already  made  reference  (I,  166).  In  fact,  the  ex- 
istence and  influence  of  the  double  salts  of  the  humus-acids,  which 
now  appear  to  us  to  be  the  main  agents  for  initial  solution  and  de- 
composition, are  ignored  by  Bischof.  In  regard  to  silica,  he  rec- 
ognizes and  frequently  refers  to  '^  the  remarkable  afiSnity  of  organic 
matter  for  silica"  (I,  187,  189),  and  to  the  view  that  ''organic 

•«  Cbem.  and  Phyi.  GeoL,  1, 166. 
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matter  in  any  combination  precipitates  silica  from  its  solution " 
(I,  312),  etc.;  but  for  its  transport  in  nature,  he  constantly  re- 
sorts to  its  solvency  in  natural  waters,  usually  at  the  ordinary 
temperatures,  which  he  considers  chiefly  dependent  upon  the 
amount  of  sodium-carbonate  present  and  never  exceeding  nr  jinr 
(II,  454).  The  ferrous  silicates,  which  occur  in  the  residues  de- 
posited by  waters  or  resulting  from  their  action,  and  whose  ex- 
istence as  such  he  founds  on  the  presence  of  silica  in  Iron-ochre, 
he  continually  regards  as  in  solution  in  natural  waters  and  exerting 
chemical  action  (I,  4)  :  without  reference  to  the  organic  media — 
ferrous  silico-azo-humates — which,  in  all  probability,  accomplish 
both  the  solution  of  silica  and  iron  and  the  chemical  action  of 
their 'solutions.  He  often  frankly  admits  himself  at  a  loss  to 
account  for  certain  phenomena  by  their  action  (III,  543,  etc.)  ; 
and  notwithstanding  therefore  the  attractiveness  of  his  views  on 
these  subjects,  on  account  of  the  simplicity  of  the  agencies  he 
invoices,  later  Investigations  have  proved  that  in  nature  the  agen- 
cies, as  well  as  their  effects,  are  highly  varied  and  by  far  more 
complex. 

From  the  rather  antiquated  portion  of  chemical  literature  which 
forms  the  basis  of  present  views,  only  those  facts  will  be  now 
selected  which  bear  chiefly  upon  the  conditions  antecedent  to  the 
formation  of  deposits  of  hydrated  ferric  oxides. 

A.  Kindler®*  observed  that  decaying  roots,  traversing  ferruginous 
quartz-sand,  absorb  the  rain-water  filtering  through,  and,  by  de- 
composition, yield  acids  which  dissolve  the  oxides  of  iron  out  of 
the  surrounding  sand,  sometimes  to  a  distance  of  one  or  two 
inches.  So  that  in  summer  a  cylinder  of  decolorized  sand  sur- 
rounds the  root,  or  even  a  considerable  layer  may  be  so  bleached 
when  the  root  is  large  and  much  decayed.  '^This  phenomenon 
also  presents  itself  in  woods  and  gardens;  decolorized  sand  is 
found  everywhere  under  rotting  leaves  ...  If  a  decaying  root 
and  quartz  sand,  colored  with  oxide  of  iron,  are  often  moistened 
with  water,  it  will  be  found  ferruginous,  after  filtering  and  evap- 
orating. This  process  of  decay  acts,  therefore,  as  a  powerful  de- 
oxidizing agent."  He  supposes  that  an  organic  acid  has  been 
formed  which  reduces  the  iron  and  dissolves  it  in  the  form  of  a 
protoxide  salt ;  the  latter  is  carried  off  by  rain-water,  is  oxidized 
by  the  air  to  an  insoluble  basic  combination,  and  then  deposited 

MPogg.  Ann.,  1836,  XXXVU,  208. 
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on  the  bottoms  of  bogs  and  morasses  into  which  the  water  flows. 
To  this  observation  Berzelius^  added  that  he  found  a  bog-earth  to 
contain  basic  crenate  and  apocrenate  of  iron-oxide,  that  these  acids 
are  formed  daring  the  decay  of  plants,  and  their  ferrous  salts  are 
soluble  in  water.  In  this  fact  he  found  one  of  the  means  by  which 
iron-ochre  is  concentrated  in  lakes  and  bogs  by  transference  fk'om 
ores  disseminated  through  soils  and  rocks. 

From  the  careful  observations  of  Daubr6e®^  upon  the  continuous 
formation  of  bog  ores  in  marshes,  etc.,  in  the  plain  of  the  Rhine 
and  Lorraine,  the  following  quotation  may  be  translated,  relating 
to  the  initial  conditions  of  the  deposit : 

^^  1.  The  peroxide  of  iron,  intermingled  with  deposits  of  little 
coherence  which  contain  vegetable  matters  in  decomposition,  is 
dissolved  by  the  infiltrating  meteoric  waters,  under  the  influence 
of  certain  products  of  the  decay  of  these  plants. 

^'  2.  It  is  by  the  action  of  carbonic  acid  and  crenic  acid,  that 
the  peroxide  of  iron,  reduced,  at  least  partially,  to  the  state  of 
protoxide  by  the  presence  of  the  contiguous  vegetable  matter,  ap- 
pears to  be  brought  into  a  state  of  solubility  in  water  .... 

"  3.  Everywhere  where  the  water  of  these  springs  flows  slowly 
in  contact  with  air,  it  leaves  behind,  particularly  during  the 
summer,  a  gelatinous  mud  of  a  blackish  brown  color,  which  is 
principally  composed  of  protoxide  and  peroxide  of  iron,  combined 
with  carbonic  acid,  crenic  acid  and  water.  The  oxide  of  manga- 
nese is  rarely  wanting,  and  its  presence  is  probably  due  to  the 
same  reactions  as  those  of  the  oxide  of  iron.  The  carbonic  acid 
is  disengaged  in  proportion  as  the  protoxide  of  iron  passes  into 
the  state  of  peroxide,  and  ultimately,  after  the  substance  has  been 
dried  at  the  ordinary  temperature,  naturally  or  artificially,  only 
traces  of  this  acid  remain. 

^^  4.  K  the  precipitate  of  the  spring  has  been  confined  several 
days  in  its  basin,  it  is  in  addition  intermingled  with  many  siliceous 
shells  of  infusoria  belonging  to  the  genera  Navicula  and  Gaillonella, 
as  well  as  very  numerous  filaments  of  Oscillaria. 

^^5.  The  deposit  formed  around  each  spring  is  transported 
during  high  waters  into  a  brook  or  river  of  the  vicinity ;  the  same 
thing  occurs  with  that  part  of  the  ferruginous  combination,  which, 
not  having  yet  been  decomposed,  has  remained  in  solution.    As 

M  Benelias  Johresb.,  18S8, 17, 2U. 
•T  Compt.  rend.,  184S,  XX,  1775. 
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long  as  this  brook  or  this  river  flows  rapidly,  it  deposits  nothing  upon 
its  bed ;  but  everywhere,  where  the  rapidity  of  these  watercourses 
is  considerably  retarded,  particularly  in  the  pools  of  stagnant 
water  which  they  supply  not  far  from  their  beds,  the  oxide  held 
in  suspension,  and  that  which  is  yet  in  solution,  are  little  by  little 
precipitated ;  then  the  deposit,  infiltrating  laterallyinto  the  sands, 
proceeds  to  contribute  to  the  increase  of  concretions  in  the  form 
of  veins  and  nodules,  which,  at  the  end  of  a  certain  lapse  of  time, 
become  exploitable  as  iron-ore." 

The  author  further  considers  the  deposits  of  ore  thus  produced 
in  bogs  and  their  relation  to  the  associated  peat  formed  under  the 
same  conditions,  viz.,  of  shallow  water  renewed  constantly  but  at 
a  very  slow  rate. 

J.  F.  Johnston  also  states,  in  regard  to  another  common  result 
of  the  vertical  percolation  of  natural  ferruginous  solutions : 

"In  sundry  districts  the  decaying  vegetable  matters  of  the  sur- 
face soil  are  observed  to  sink  down  and  form  an  ochreous  patij  or 
thin  yellow  layer,  in  the  subsoil,  which  is  impervious  to  water, 
and  through  which  therefore  the  rains  cannot  pass.  Being  ar- 
rested by  this  pan,  the  rain-water,  while  it  rests  upon  it,  dissolves 
a  certain  portion  of  the  vegetable  matter,  and  when  collected  into 
wells,  is  often  dark-coloured,  marshy  in  taste  and  smell,  and  un- 
wholesome to  drink."®® 

The  same  product  has  been  also  thus  described :  Hardpan  is  a 
dense,  almost  impenetrable,  crust  or  stratum  of  ochrey  clay  or 
compacted  gravel,  often  underlying  a  fairly  fruitful  soil.  It  is 
the  soil  reverting  to  rock,  the  particles  being  cemented  together 
again  by  the  solutions  of  lime,  iron,  or  alkali-silicates  and  humates 
that  descend  from  the  surface  soil.  Peat  swamps  thus  exist  in 
basins  formed  on  the  most  porous  soils  by  a  thin  layer  of  moor* 

Detmer  and  others  have  given  similar  descriptions.  Johnson 
also  observes,^^  on  the  agricultural  relationships  of  the  chemical 
reagents  which  have  produced  these  natural  solutions :  *'  the  or- 
ganic acids  of  the  humus  group  probably  aid  in  the  disintegration 
of  soil  by  direct  action;  .  .  The  ulmic  and  humic  acids  them- 
selves, according  to  Mulder,  indeed  do  not  exist  in  the  free  state 

••  The  Chemistry  of  Common  Life,  1876, 36. 
**S.  W.  Johnson,  How  Crops  Feed*  1870, 166. 
M  jdem^  188. 
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in  the  soil,  bat  their  soluble  salts  of  ammonia,  potash,  or  soda, 
have  acid  characters,  in  so  far  that  they  unite  energetically  with 
other  bases,  as  lime,  oxide  of  iron,  etc.  .  .  The  same  is  probably 
true  of  crenic  and  apocrenic  acids." 

§  22.  Induration  of  calcareous  «and5.— 'The  high  content  of  car- 
bon dioxide  in  seawater,  which  has  been  found'^  to  be  dependent 
upon  the  magnesium  and  calcium  sulphates  in  solution,  ^as  pro- 
duced within  the  tropics,  in  spite  of  the  elevated  temperature,  a 
partial  solution  and  cementation  of  the  coral  sands,  resulting  even 
in  the  consolidation  of  beaches.  These  commonly  occur  in  many 
islands  of  the  Atlantic,^  e.  g.^  Madeira,  St.  Jago  of  the  Cape  de 
Verdes,  Ascension,  St.  Helena,  etc. :  of  the  Pacific,  e.  g.,  in  the 
Paumotus,  Navigator  and  Hawaiian  groups  :^^  of  the  West  Indies, 
e.  g.j  Guadaloupe,  Sombrero,  etc. :  along  the  coast  of  Brazil  :•* 
and  of  vast  extent  on  the  Australian  shores.  Even  in  some  of 
these  cases,  however,  Hartt  indicates  his  suspicion  that  the  solidi- 
fication has  been  afifected  by  the  percolation  through  the  beach 
of  the  ^'  black  waters "  from  the  inner  lagoon  ;'^  and  this  seems 
the  more  likely  f^om  the  recent  discovery  of  a  second  indurated 
layer  at  a  depth  of  about  18  feet,*^  unless  this  may  have  been  pro- 
duced simply  by  subsidence  of  the  coast.  The  drift  sand-rock  or 
^'  ^olian  formation  "  of  consolidated  calcareous  sand-rock,  which 
constitutes  the  Bermudas  and  the  islands  of  Oahu  and  Eanai  in 
the  Pacific,^^  has  had  certainly  no  connection  with  the  carbon  di- 
oxide of  seawater,  but  only,  according  to  R.  J.  Nelson^®  and 
Wyville  Thomson,^  with  that  of  falling  rains.  The  warm  rains 
can  carry  but  a  small  content  of  that  gas  out  of  the  atmosphere, 
and  yet  the  work  continually  in  progress  in  the  Bermudas,  in  the 
consolidation  of  the  blown  sands,  in  the  excavation  of  caverns, 
in  the  formation  of  the  huge  stalactites  and  concretions,  etc., 
indicates  an  enormous  and  constant  supply  of  solvent.  That 
this  is  largely  generated  within  the  layer  of  soil  (which  contains 

•^J.  Y.  Buchanan,  Proo.  Roy.  Soc,  1874, 483;  also,  Depths  of  the  Sea,  115, 343, 518-8. 

•»  C.  Darwin,  Geol.  Obs.,  1876, 56,  98, 161. 

•*  J.  D.  Dana,  U.  8.  Expl.  Exp..  Geol.,  1846-1849, 44, 148, 153. 

•*  C.  F.  Hartt,  Geol.  and  Phys.  of  Brazil,  1870, 107, 113, 179, 84^-345. 

••Hartt,  op.  c«.,  115,  343. 

••J.  C.  Hawkshaw,  Geol.  Mag.,  1879.  New  Ser.,  VI.  91. 

^  Dana.  op.  cU.,  45, 64, 354, 277. 

M  Trans.  Geol.  Soc,  1840,  (2),  V,  108. 

••  Voy.  of  Cball.,  Atlantic,  1878, 1, 892. 
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about  15  per  cent,  of  organic  matter),  though  partly  from  the  or- 
ganic component  of  shells  and  corals,  seems  to  be  more  definitely 
shown  by  the  strata  abounding  in  tubular  deposits  around  rootlets 
(Nelson,  loc.  cit.^  110-111),  by  the  particles  of  black  carbonaceous 
matter  as  well  as  the  organic  membranous  tissue  still  remaining 
in  the  shelly  sand,  and  by  the  relationship  of  the  soil  to  the  de- 
posits of  "  red  earth,"  covering  the  surface  to  the  depth  of  about 
a  foot  (Nelson,  loc.  cU,),  especially,  according  to  Thomson,  in 
the  hollows.  In  this  the  proportions  of  vegetable  matter  are  less 
but  variable:  the  soil,  according  to  the  analyses  of  Buchanan, 
containing  about  20  per  cent,  of  siliceous  sand  and  51  per  cent, 
of  ferric  oxide  and  alumina ;  while,  in  the  red  earth,  the  amount 
of  sand  rises  to  about  81  to  40  per  cent.,  and  that  of  the  bases 
just  mentioned  has  been  leaChed  out  down  to  26  and  even  17  per 
cent.  The  process  appears  to  be  analogous  to  that  which  has 
yielded  a  part  of  the  '^  red  clay "  of  the  deep  sea  ooze,  the  or- 
ganic acids  of  the  soil  having  dissolved  the  calcium-carbonate 
out  of  the  superficial  layer  of  coral-sand,  and  concentrated,  to  the 
degrees  above  stated,  its  content  of  silica  (0.05  per  cent.)  and 
of  the  same  earthy  bases  (0.52  per  cent.).  The  occurrence  of  ^^  a 
small  quantity  of  manganese "  in  the  red  earth  is  a  suggestive 
fact,  noted  by  Nelson,  in  his  list  of  the  few  minerals  found  in  these 
islands  (loc.  dt.y  p.  105).  At  Raine  Island,^^®  one  of  the  New 
Hebrides  in  the  Pacific  Ocean,  a  reddish  tint  affects  the  calcareous 
sand  and  its  consolidated  crusts,  ^^  immediately  above  the  beach- 
line,  where  the  grass  commences,"  and  probably  indicates  the  in- 
cipient attack  of  the  same  solvent  agency.  Calcareous  sands  are 
also  sometimes  found  consolidated  into  crusts  around  decaying 
stems  of  plants,^^^  and  left  projecting  as  hollow  tubes  by  the  de- 
cay of  the  wood  and  removal  of  the  loose  sands. 

§  23.  IndurcUion  of  siliceous  sands. — The  loose  Tertiary  sands 
of  the  north  of  France  exhibit  a  remarkable  cementation,  locally, 
by  calcium-carbonate  and  by  silica  ;^^^  and  a  similar  cementation 
of  sands  and  gravels  by  ferric  oxide  has  been  observed  at  many 
localities  in  the  valleys  of  the  Rhine  and  Ahr.^^^    ^\  these  groc- 

"•  H.  JJ.  Moseley,  Notes  by  a  Nat.,  1879, 847. 

><>>  At  Cape  of  Good  Hope,  Moseley,  op.  cU.,  149;  in  Aastralia,  C.  Darwin,  Jour,  of 
Bea.,  1871, 540. 

»•»  Jukei,  Man.  of  Geol.,  121. 

los  BiBchof,  op.  cU,f  German  ed.,  1868, 1, 566. 
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esses  have  probably  been  effected  by  the  percolation  of  solutions 
of  lime,  iron-oxides,  etc.,  in  the  salts  of  the  humus-acids,  etc. 
The  bleaching  of  feriuginous  sands  by  the  same  action,  when 
they  are  rich  in  plant  remains,  has  also  been  studied  in  the  Brown 
coal  and  Cretaceous  formations  of  Germany.**^  I  have  recently 
given  elsewhere  a  description ^^^  of  indurated  layers  of  sand  and 
gravel  in  the  Tertiar)'  and  Cretaceous  areas  of  New  Jersey,  with 
a  resume  of  the  similar  recorded  observations.  Their  cause  was 
assigned,  in  the  New  Jersey  sands,  to  certain  of  the  more  soluble 
humus-acids,  not  yet  exactly  determined,  whose  continuous  for- 
mation appears  to  be  favored  especially  by  the  nature  of  the 
exuviae  of  the  pine,  the  warm  moist  climate  of  the  region,  and 
the  porous  aerated  strata  below.  The  oxide  of  iron,  leached  out 
of  thick  layers  of  the  yellow  sand,  is  deposited  and  concentrated 
within  the  interstices  of  alternating  layers  of  the  coarser  sands 
and  gravels,  indurating  them  into  a  compact  and  generally  con- 
glomeritic  sand-rock.  This  latter  process  is  found  to  have  been 
increased,  if  not  occasioned,  by  the  presence  of  the  abundant 
pebbles  of  a  yellowish  chert,  which  have  been  partially  and  indeed 
largely  replaced  by  iron-ochre,  while  the  crystalline  and  even 
chalcedonic  varieties  of  quartz  have  been  unaffected.  The  former 
have  been  evidently  derived  from  the  chert  layers  of  a  Devonian 
limestone ;  and  if  their  amorphous  material  was  originally  segre- 
gated there,  as  I  shall  explain  beyond,  by  the  action  of  organic 
acids  akin  to  those  of  humus,  it  is  easy  to  see  that  their  present 
molecular  condition,  as  well  as  porosity,  has  rendered  them  easily 
re-soluble  in  a  similar  solvent. 

Now  carbon  dioxide,  and  indeed  many  other  of  the  humus-acids, 
could  have  had  little  to  do  with  this  solution ;  the  humic  and  azo- 
humic  acids  can  alone  solve  the  problem,  and  it  is  probable  that 
these  have  predominated  in  quantity  among  the  group  of  organic 
solvents  which  have  percolated  through  the  sands  and  reduced  and 
leached  out  the  ferric  oxide  in  ferrous  combinations.  The  heavy 
deposition  of  hydrated  ferric  oxide  chiefly  in  the  coarser  layers, 
esp^ially  the  gravels,  seems  to  imply  an  oxidation  occasioned  in 
part  by  the  large  air-spaces  among  the  pebbles.  But  the  substi- 
tution of  the  same  substance  in  place  of  the  chert  indicates 

>•«  Idem.,  506-7. 

10*  u  qq  i^Q  Induration  of  Sandt  by  Fenrio  Oxide,  and  its  Precipitation  by  Chert." 
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apparently  the  peculiar  efficiency  of  these  acids,  for  the  solation 
of  silica,  in  their  nascent  condition^  on  the  partial  separation  of 
their  oxidized  base.  The  large  amount  of  the  ferric  hydrate, 
which  was  consumed  in  the  cementation  and  complete  induration 
of  these  gravels,  appears  therefore  to  have  been  yielded  through 
its  abundant  separation  in  the  presence  of  the  chert ;  in  the  ab- 
sence of  that  substance,  it  is  probable  that  the  ferric  oxide  would 
ultimately  have  been  mostly  conveyed,  unhindered  by  the  gravel, 
to  lower  levels  of  drainage  or  into  the  basins  of  sub-aerial  de- 
posit as  bog-ores.  These  phenomena  therefore  seem  to  indicate 
that  the  strongest  solvents  of  amorphous  or  colloid  silica  in  na- 
ture consist  of  a  group  of  certain  organic  acids  of  humus,  when 
separated  from  ferrous  oxide  by  its  higher  oxidation:  perhaps, 
also,  that  the  silico-azo-humic  acids  thus  formed  enter  into  little 
or  no  combination  with  ferric  oxide.  Probably  during  fiirther 
conveyance  through  the  sands,  these  silicated  organic  acids  are 
accompanied  in  solution  with  sufficient  organic  matters  to  reduce 
and  bring  into  combination  a  new  burden  of  iron-oxide.  It  is 
not  always  safe  to  attempt  by  field  observation  to  anticipate  the 
chemical  reactions  of  little  known  substances ;  and  we  must  look 
forward  for  exact  and  certain  information  on  this  subject  to  the 
full  publication  of  the  long-promised  results  of  Thenard's  inves- 
tigation. 

It  may  be  farther  remarked,  in  reference  to  the  continuous 
supply  of  air  for  the  oxidation  just  described,  in  subterranean 
cavities,  that  the  percolation  of  waters  through  such  bodies  of 
sand  is  always  intermittent,  being  chiefly  dependent  upon  the 
repeated  showers  of  rain  upon  the  surface.  The  effect  of  each 
mass  of  water,  percolating  after  a  shower,  must  be  ultimately  to 
draw  down  with  it  the  gaseous  atmosphere  of  the  sands,  rich  in 
nitrogen,  and  after  it^  by  atmospheric  pressure  and  capillary 
attraction,  new  supplies  of  pure  air  from  above.  Though  the 
mass  remains  almost  constantly  damp,  through  the  occupation  of 
the  finest  interstices  by  capillary  moisture,  there  are  natural 
vertical  channels  for  the  main  percolation,  apparently  shown  in 
the  fibrous  variety  of  sand-rock  with  vertical  tubes,  through  which 
the  drainage  is  mainly  conveyed  in  the  endless  repetition  of  the 
foregoing  process.  The  destination  of  the  solutions,  now  rich  in 
silica,  will  be  the  subject  of  farther  investigation. 
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§  24.  Purification  of  Beach  Sand. — ^The  purity  of  the  sand  and 
the  whiteness  of  the  dunes,  along  the  New  Jersey  coast,^^  have 
been  the  subject  of  frequent  remark  by  the  passing  traveller  and 
artist.  The  same  characteristics  probably  prevail  along  the  whole 
ocean  front,  ft*om  the  dunes  of  Cape  Cod  to  those  of  the  Carolinas. 
But  this  whole  tract  consists  of  a  definite  series  of  belts,  passing 
from  inland  to  the  beach,  viz. : 

First,  a  loose  mass  of  ferruginous  sands,  with  some  clays : 

Secondly,  a  broad  fringe  of  fresh-water  swamps  and  peat-bogs, 
passing  gradually  into  salt-marshes,  rich  in  acid  solvents,  upon  the 
surface;  and  underneath,  at  a  slight  depth,  frequently  an  indu- 
rated layer  of  cemented  sand-rock  or  hard-pan : 

Thirdly,  a  long  sea-channel  or  inner  bay,  swept  by  the  tidal  cur- 
rents, by  which  all  drainage  solutions  and  suspended  impurities 
from  the  land  are  constantly  scoured  out  into  the  sea : 

Fourthly,  an  interrupted  narrow  fringe  of  marshes,  lining  the 
inner  side  of  the  beach :  and 

Lastly,  the  long,  narrow  beach  of  pure  siliceous  sand,  washed 
up  by  the  waves  and  blown  about  by  the  winds.  On  examination 
of  this  sand  at  several  points  of  the  New  Jersey  coast,  from  Egg 
Harbor  Inlet  to  Sandy  Hook,  I  have  found  it  to  consist  almost 
entirely  of  rounded  and  sub-angular  granules  of  limpid,  white,  and 
reddish  quartz,  basanite,  and  polished  black  iron-sand,  possessing 
no  magnetic  attraction. 

The  inner  bay,  with  its  fringing  deposits  of  decomposing  humus, 
therefore  forms  a  great  acid  basin  or  vat  for  the  digestion  and 
purification  of  the  ochreous  sand.  This  purification  has,  I  believe, 
been  hitherto  attributed  to  mechanical  attrition  under  the  action 
of  the  surf,  and  has  been  disguised  by  the  black  and  fetid  muck 
of  the  salt-marshes  which  envelopes  the  siliceous  grains.  But 
beneath  or  intermingled  with  the  superficial  mould  under  every 
pine  and  cedar  forest  on  the  land,  and  underneath  the  current  of 
flowing  water  in  every  ditch  thi*ough  the  marshes,  gleams  out  ex- 
actly the  same  intermixture  of  white  quartz-sand,  with  a  little 
black  iron-sand,  as  the  winds  and  the  waves  toss  back  and  forth 
upon  the  outer  beach ;  and,  in  the  latter.  Cook  reports,  in  addition 
to  grains  of  quartz  and  iroh-sand,  only  about  one  per  cent,  of 

>M  AlBo  on  the  coast  of  BrasU,  according  to  Hartt,  op,  cU,,  880. 
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bases,  probably  **  introdaced  in  the  form  of  dust  by  winds  and 
storms."  107 

Tliat  purification  of  the  sand  therefore,  to  which  is  due  its  mo- 
bility under  the  agency  of  water  and  wind,  as  well  as  the  absence 
of  ochreons  silt  which  might  prove  deleterious  to  submarine  life 
along  the  shores,  has  been  produced  by  chemical  action,  the  solv- 
ent cleansing  work  of  these  organic  acids.  And  there  may  be  the 
further  result  that,  as  in  the  course  of  the  subsidence  of  the  coast 
the  loose  Tertiary  deposits  are  gradually  encroached  upon  by  the 
sea,  only  the  superficial  layer  of  loose  and  mobile  sands  is  worked 
up  by  the  waves  and  blown  back  by  the  winds  upon  the  marshes ; 
while  the  mass  of  the  formation  beneath  is  protected  in  large  de- 
gree by  the  extensive  layers  of  hard-pan.  The  action  of  the  salt- 
marsh  differs  from  that  of  the  peat-bogs  which  lie  next  to  the 
land,  not  merely  in  the  completion  of  the  solution  of  iron-oxides 
in  the  sands,  but  in  thei^  reduction  to  sulphide,  at  least  in  part,  in 
presence  of  the  sulphates  of  the  sea-water  and  the  decomposing 
•  vegetable  matters,  as  long  ago  pointed  out  by  Bischof,  Dawson, 
and  others.  It  therefore  follows  that  the  iron-oxide,  though  largely 
brought  into  solution  out  of  the  sands  by  the  acids  of  humus,  is 
but  in  small  part  swept  down  into  the  sea.  Part  of  it  is  soon  pre- 
cipitated and  stopped,  in  the  form  of  bog-ore  beneath  the  swamps^ 
and  of  the  ochreous  hard-pan  beneath  the  soil.  The  remainder  is 
conveyed  by  the  streams  and  drainage  into  the  bay  ;  but  the  ofiSce 
of  the  marshes  is  to  detain  it  and  again  deposit  it  in  insoluble 
form.  And  in  that  form  it  seems  to  be  finally  in  greater  pait  low- 
ered down  into  the  ocean  bed,  during  the  course  of  the  subsidence 
of  the  coast. 

These  basins  of  chemical  erosion  are  well  represented,  along 
our  Atlantic  border,  by  those  local  charts  which  show  the 
marshes,  and  along  that  of  New  Jersey,  by  the  map  on  "  Ec^ 
nomic  Geology"  just  issued  (1880),  by  the  State  Survey.  This 
map  presents  clearly  the  area  of  the  band  of  salt-marshes,  along 
the  Atlantic  front  of  that  State  and  up  Delaware  bay.  In  the  ac- 
companying wood-cut  I  have  given  an  ideal  cross-section  of  the 
marsh-deposit,  across  the  inner  bay,  on  the  coast  of  Ocean  county, 
N.  J.,  from  the  edge  of  the  meadows  or  fresh-water  swamps  to  the 

MT  Bep.  Geol.  N.  J.,  1863, 886. 
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ocean.  At  a  is  the  edge  of  the  cedar-swamp, 
and  it  is  interesting  to  notice  that  on  thrusting 
anywhere  through  the  springy  moss  bottom  of 
the  swamp  into  the  clear  brown  water,  a  few 
inches  underneath,  the  latter  is  found  to  be  in 
steady*  motion,  flowing  at  an  appreciable  rate 
toward  the  bay.  Next  comes  the  salt-marsh,  6, 
overflowed  by  the  higher  tides  over  an  area  in- 
dicated by  the  predominating  salt-grass.  The 
fresh-water  streams  from  the  uplands  pass  in- 
to the  natural  creeks,  c,  which  intersect  the 
marsh.  Their  bottoms  are  covered  by  the 
black  marsh  mud,  sometimes  mingled  with 
shells  from  ancient  mounds  or  shell*  heaps, 
which  have  been  carried  down,  in  the  course 
of  the  gradual  subsidence,  within  the  reach  of 
the  tides.  Wherever,  however,  the  force  of 
the  current  is  sufficient,  the  bottoms  of  these 
creeks  and  especially  of  the  artificial  ditches 
in  the  salt-marsh  are  covered  with  white  sand, 
intermingled  abundantly  with  the  siliceous 
valves  of  diatoms.  The  section  next  presents, 
though  on  a  too  contracted  scale,  the  shallow 
waters  of  the  bay,  d,  interspersed  with  islands 
or  submerged  banks,  e,  which  represent  frag- 
ments of  the  original  salt-marsh.  The  outer 
beach  is  also  underlaid  by  this,  sometimes 
projecting  as  a  fringe,  /,  uncovered  by  sand, 
on  the  inner  side;  its  centre  is  occupied  by 
the  dunes,  g,  with  the  usual  irregular  cross 
stratification ;  and  beyond  comes  the  beach, 
hy  in  which  the  thinly  laminated  sand- layers 
incline  gently  (at  about  9*^)  towards  the  sea — 
the  structure  in  both  dunes  and  beach  being 
accentuated  by  the  sorting  out  of  the  black 
grains  of  iron-oxide  by  wind  or  water  respec- 
tively. Beneath  the  surf  the  beach-sand  is 
continued  in  a  thin  layer,  which,  after  a  vio- 
lent storm,  is  sometimes  stripped  ofiT,  together 
with  portions  of  the  beach  itself:  so  that,  atiBj 
such  a  time,  one  may  stand  upon  the  beach  ^ 
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and  look  down  upon  the  black,  marshy  surface,  usually  concealed 
beneath  the  sea  and  sand.  This  sometimes  still  retains  the  hoof- 
prints  of  cattle  which  formerly  grazed  upon  the  marsh  when 
above  the  sea-level,  now  in  long  lines  which  descend  toward  the 
depths  of  the  open  ocean  and  which  present  an  impressive  il- 
lustration of  the  progressive  subsidence  of  tlie  coast.  Al>  along 
this  beach  (as  far  to  the  northward  as  Long  Branch,  according 
to  Prof.  D.  S.  Martin),  the  force  of  the  waves,  during  storms, 
has  been  sufficient  to  tear  up  fragments  of  the  submarine  peat- 
bed,  which  are  found  scattered  above  the  surf-line  and  are 
often  penetrated  by  boring-shells.  Where  the  outer  beach  has 
advanced,  by  the  heaping  up  of  the  sand  by  surf  and  wind,  the 
salt  marsh,  more  or  less  intersected  by  creeks  and  the  inner 
bays,  may  extend  from  one  to  six  miles  in  width,  projecting 
inwards  along  the  streams  to  far  greater  distances  and  so  passing 
gradually  into  the  swamps  of  the  uplands.  At  other  points,  the 
tidal  currents  have  swept  away  to  seaward  all  this  band  of  loose, 
.purified  deposits,  and  the  surf  beats  directly  upon  the  mass  of 
ferruginous  sands.  And  thus  by  intermittent  advance  and  reces- 
sion, these  chemical  and  mechanical  agencies  alternate  in  their 
work  for  the  common  end — the  purification  of  the  littoral  deposits 
of  sands  and  clays. 

VII.  Action  Upon  Clays. 

§  25.  Champlain  Clays, — The  distinction  of  the  Champlain  clays 
into  '" blackish-blue,  bluish-grey"  and  '* yellowish-grey,  gre3n8h- 
white  "  seems  to  have  been  first  made  in  the  Hudson  Valley,  in  a 
paper  by  John  Finch,^®®  and  afterwards  by  Eaton. 

In  the  geological  survey  of  the  State,  Mather  gives  full  and 
precise  descriptions^®^  of  the  two  layers  of  clay,  under  the  names 
"  grey  or  buff-colored  "  and  "  blue,"  and  points  out  the  invariable 
superposition  of  the  former  in  New  York,  with  the  "  line  of  junc- 
tion generally  very  distinctly  marked,"  but  a  more  irregular  ar- 
rangement of  the  same  clays  in  Ohio,  Illinois  and  Michigan.  He  . 
also  describes  {l.  c,  p.  251)  similar  differences  in  color  between  the 
upper  and  lower  layers  of  the  Tertiary  clays  of  Long  Island. 
Along  the  bank  of  the  Hudson,  these  deposits  are  very  thick, 
often  over  180  feet ;  and  at  Newburgh,  I  observed  the  upper  layer 
of  the  clay  beds,  to  a  quarter  of  their  depth,  to  be  much  mixed 

iM  Am.  J.  Sci.,  1826,  X,  t27, 229. 

"•Nat.  HlBt.,  N.  Y.,  Geol.,  1843,  Pt.  IV,  1, 125,  et  ieq. 
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with  fine  sand,  in  Tery  delicately  laminated  layers,  and  to  present 
a  light  reddish  to  brownish  tint.  The  lower  and  predominating 
mass  is  of  a  bluish-green  color,  while  moist,  and  furnishes  the 
chief  material  for  the  brick-yards.  The  upper  layer  is  stated  to 
be  too  "fat"  or  rich,  evidently  in  alumina,  for  this  manufacture, 
when  used  alone,  and  is  mixed  with  the  lower  in  the  proportion  of 
one  to  three  parts  of  the  latter.  At  other  jpoints  along  the  bank 
of  the  river,  for  at  least  two  miles  northward,  the  same  alteration 
was  observed.  Occasionally  the  formation  of  a  calcareous  con- 
glomerate occurred,  in  thin  horizontal  seams,  where  a  trickling 
solution,  probably  derived  from  some  marly  layer,  issued  at  the 
edge  of  the  stratum,  through  a  lens  of  gravel,  and  deposited  its 
calcium-carbonate  as  an  amorphous  cement  around  the  pebbles. 
It  seems  likely  that  wherever,  as  at  some  localities  in  Massachu- 
setts, the  cement  of  such  a  conglomerate  is  crystalline  calcite^  the 
solvent  has  been  probably  carbon  dioxide  alone ;  while  its  amor- 
phous condition  in  this  case  may  indicate,  as  with  similar  deposits 
in  peat-bogs  already  referred  to,  the  solvent  action  of  the  colloid 
acids  of  humus.  In  New  Jersey,  according  to  Cook's  reports,  a 
similar  superposition  occurs  of  white,  buff,  or  red,  over  blue  clay, 
in  beds  of  Champlain  age. 

An  interesting  section  of  the  gray  and  blue  clays  has  been  men- 
tioned to  me  by  T.  B.  Brooks  of  Newburgh,  as  occurring  in  a 
railroad-cut  near  Oxford,  in  Orange  Co.,  N.  Y.,  the  line  of  demar- 
cation between  the  two  clays  being  mainly  parallel  to  the  contour 
of  the  hill,  though  deeper  along  the  centre,  where  naturally  the 
drainage  was  slower  and  the  material  longer,  attacked.  In  1861, 
E.  Hitchcock  first  made  the  distinction,  in  the  Champlain  deposits 
of  Vermont,  between  the  brown  and  blue  clays  and  their  relative 
superposition.  He  also  gives  an  analysis  of  the  brown  clay,  by 
T.  S.  Hunt,  and  states  his  own  opinion  that  "the  difference  is 
accidental,  perhaps  from  weathering.""®  Since  then,  C.  H. 
Hitchcock  has  made  a  very  careful  study  of  the  similar  deposits 
in  New  Hampshire."^  He  finds  that  the  gray  clay  occurs  to  a 
depth  of  even  fifly-six  feet  from  the  surface,  in  beds  which  are 
sometimes  sixteen  to  twenty-seven  feet  in  thickness,  or  even 
thirty-eight  feet  when  sandy.  Near  the  top  it  is  compact  and  in- 
clined to  break  into  small,  angular  fragments,  the  sides  of  which 

"0  Geology  of  Vermont.  1861, 1, 157, 161. 
"»  Geol.  of  N.  H.,  1878,  III,  94, 188,  eic. 
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are  stained  with  films  of  iron-ochre.  Below,  it  is  sometimes  sep- 
arated by  a  thin  layer  of  sand,  from  the  blue  clay,  and  sometimes 
"changes  gradually'  near  the  bottom  into  blue  clay"  (l.  c,  pp.  154, 
155).  At  Rochester  occurs  what  he  terms  an  "anomaloas 
section"  (Z.  c,  p.  155),  and  which  is  in  fact  the  most  satisfactory  in 
determining  that  the  relation  of  the  two  clays  is  simply  one  of 
decomposition.  Here  Jhe  blue  clay  projects  horizontally  in  a  great 
tongue-like  mass  into  a 'layer  of  the  gray  clay,  fifteen  feet  thick, 
the  lines  of  stratification  being  continuous  through  both. 

The  same  diflferences,  in  oxidation  of  iron  and  in  color,  exist  in 
the  layers  of  glacial  till,  which  Hitchcock  has  distinguished  by  the 
terms  "  Upper"  and  **  Lower ;"  and  he  suggests  that  the  diflferences 
may  have  been  produced  by  derivation  of  the  blue  clay  from  the 
lower  till,  and  the  gray  from  the  upper  till  or  from  the  washing  of 
the  upper  terrace  deposits.  G.  W.  Hawes,  however,  attributes 
the  increase  of  iron  in  the  clays  over  the  tills,  as  shown  by  his 
analyses  {loc,  cit,^  p.  333),  to  the  ready  transport  of  the  fine 
ferruginous  material  along  with  the  bulk  of  the  clay,  and  explains 
the  difference  in  oxidation  of  the  iron  in  both  the  tills  and  clays 
thus :  ''  if  the  beds  of  both  till  and  clay,  as  first  deposited,  were 
of  the  same  nature  as  the  lower  beds  at  present,  atmospheric  and 
aqueous  agencies  would  in  time  produce  the  differences  in  both 
now  seen."  Nevertheless  the  division  of  the  till  into  two  classes, 
by  Hitchcock,  is  probably  well  grounded,  as  well  as  his  explanation 
of  their  diflerences ;  though  there  is  need  of  a  clear  distinction 
between  the  true  upper  till  and  the  bleached  upper  layer  of  the 
lower  till,  wherever  the  latter  is -superficially  exposed,  e.  gr.,  at  the 
Ge3^8er  Spring  of  Saratoga,  N.  Y.  On  the  other  hand,  in  regard 
to  the  two  clays,  all  the  observations  appear  to  establish  the  cor- 
rectness of  Hawes'  explanation ;  though  I  think  we  can  refer  to 
the  definite  sources  of  the  chemical  action. 

In  regard  to  both  the  lower  till  and  the  clay  the  following 
inferences  may  be  drawn.  The  entire  stratum  of  each,  when  first 
deposited,  was  substantially  of  the  same  nature  and  composition 
—  that  of  the  layer  now  found  below.  The  heavy  vegetation, 
which  originally  clothed  the  surface,  the  rich  soil  superposed,  and 
the  percolating  meteoric  waters,  have  given  rise  to  solutions  of  the 
humus-acids,  which  have  permeated  the  superficial  layers,  decom- 
posed the  finely  divided  silicates,  and  dissolved  all  readily  soluble 
salts,  especially  of  lime  and  ferrous  oxide,  and  carried  them  off. 
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Although  capable  of  overcoming  the  density  and  impermeability  of 
the  clay,  the  action  of  the  solvent  seems  to  have  been  facilitated 
to  a  considerable  degree  by  the  numerous  intercalations  of  layers 
of  porqus  sand ;  and  the  present  depth  of  the  upper  brown  layer 
is  the  measure  of  the  extent  of  this  alteration  and  lixiviation,  since 
the  original  deposit  of  the  stratum. 

Jos.  LeConte  has  also  shown  that  the  difference  between  the  blue 
and  the  overlying  red  argillaceous  gravel,  occupying  the  old  river- 
beds of  California,  has  been  due  entirely  to  a  similar  process  of 
the  downward  progressive  oxidation  of  the  iron.^^* 

§  26.  Cretaceous  days^  etc. — In  New  Jersey  many  passing  ob- 
servations^ *3  on  the  clays,  possibly  Cretaceous,  indicate  the  results 
of  a  similar  process  of  alteration,  often  associated  however  with 
the  results  of  decomposition  of  pyrite  and  apparently  of  the  glan- 
conite  also.  In  these  beds  the  white  or  light^colored  sands  and 
pipe-clays  (sometimes  blackened  by  carbonaceous  matters)  gener- 
ally overlie  others  of  darker  shades  of  blue  and  brown,  or  are 
sometimes  intermingled  with  them,  when  intercalations  of  porous 
sand-beds  occur.  Sometimes  the  blue  clay  is  mottled  or  spotted 
with  irregularly  mixed  red  and  white  masses,  or  stained  near  the 
surface  by  oxide  of  iron  in  filmy  coatings  on  cracked  surfaces. 
The  lower  part  of  the  buff  clay,  as  well  as  the  pipe  and  fire  clays, 
often  contain  87  to  89  per  cent,  of  alumina,  and  less  than  1  per 
cent,  of  ferric  oxide ;  while  in  the  brick  clays  the  percentage  of 
alumina  is  17  to  21,  and  of  ferric  oxide,  4  to  6.  Beneath  the 
clay-beds  stony  ferruginous  crusts  and  layers  are  sometimes  ob- 
served, consisting  of  cemented  saild  or  of*  cemented  sand  and  clay. 
A  process  of  alteration  has  also  been  reported^^^  in  the  greensand 
deposits  of  New  Jersey,  as  shown  by  the  induration  of  barrel- 
shaped  masses  of  green  marl.  While  this  is  doubtless  true,  there 
are  certainly  other  cases  I  have  observed,  as  in  the  indurated 
greensand  of  the  Navesink  Highlands,  in  which  the  glauconite 
grains  are  found,  on  microscopic  examination  of  thin  sections,  to 
be  cemented  by  a  very  minute  granular  mass  of  the  original  cal- 
careous organisms ;  in  some  specimens  the  foraminiferal  forms  are 
visible  to  the  naked  eye.  It  seems  likely,  therefore,  that  one 
effect  of  the  solutions  of  humus-acids,  continually  percolating 

«"  Am.  J.  Scl.,  1880,  (3),  XIX,  180. 

»"  G.  H.  Cook,  Report  on  Clayt,  1878, 66, 85, 102-5, 105-239,  268. 

"«  Rogers,  Geol.  of  N.  J.,  1840, 197. 

A.  A.  A.  8.,  VOL.  XXYin.  28 
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through  this  deposit,  is  to  dissolve  out  its  calcareous  cement,  as 
in  the  deep-sea  ooze,  afterwards  described.  The  present  loose 
uncompacted  character  of  the  greensand  deposits  may  therefore, 
perhaps,  be  merely  the  result  of  such  recent  chemical  solution  and 
disintegration. 

It  has  also  been  shown  that  the  white  Cretaceous  clays,  and 
the  white  fire-clays  ^^*  and  pipe-clays  of  the  Coal-measures,^*®  rich 
in  alumina,  and  almost  exhausted  of  iron  and  of  the  more  soluble 
bases,  as  well  as  the  gray  sandstones  and  shales  which  always 
accompany  the  coal,  demonstrate  the  leaching  effect  of  the  organic 
acids ;  the  decoloration  of  the  surface  in  red-clay  soils,  and  the 
marbling  of  clay  and  bleaching  along  crevices,  have  been  also 
assigned  to  the  same  cause.  The  white  fire-clays  of  Pennsylvania 
enclose  the  marks  of  innumerable  roots  of  stigmaria,  etc.,  showing 
that  they  must  have  been  crowded  with  vegetable  remains.'*"  I 
have  also  noticed  that  the  clays  in  caves,  as  at  Howe's  Cave  in 
Schoharie  County,  N.  Y.,  are  apt  to  show  by  their  colorf  tenacity, 
etc.,  that  they  have  experienced  the  same  removal  of  iron  oxide 
and  concentration  of  alumina,  by  chemical  action — probably  of 
organic  acids  in  the  rain-waters  which  flood  the  cavities  during  and 
after  storms. 

VIII.  Alteration  of  Fossil9. 

§  27.  Silicification  of  fossils. — It  may  well  be  suspected  that  the 
silicification  of  calcareous  fossils,  presented  on  so  large  a  scale  in 
the  Eocene  buhrstones,  may  in  some  cases  have  been  caused  by 
organic  acids,  possibly  derived  from  the  decomposition  of  the 
associated  lignites ;  and  that  such  silicified  strata  may  have  been 
thus  produced  by  an  induration  of  antecedent  sands  or  marls,  as 
well  as  by  the  alteration  of  beds  of  solid  limestones.  It  has  been 
observed  that  lime  and  silicic  acid  frequently  occur  together  as 
agents  of  petrifaction ;  siliceous  crusts  occur  even  in  recent  cal- 
careous corals,  and  quartz-crystals  are  often  found  in  the  chambers 
of  ammonites.**^  The  silicification  of  wood,  so  abundant  in  Cre- 
taceous and  Tertiary  deposits,  may  not  always  need  for  explana- 
tion the  application  of  thermal  solutions  of  silica,  but  rather  that 
of  this  familiar  but  widely-distributed  chemical  agency,  whose 
effect  may  in  some  cases  have  been  even  assisted  and  accelerated 

««  Hunt,  op.  c«.,  13, 227.  "«  LeConte.  EI.  of  Geol.,  186, 874. 

"'  Bogers,  Geol.  of  Pa.,  U,  737.  "•  Both,  op.  cU.y  1, 611. 
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by  the  high  temperature  of  the  waters.  This  subject  is  further 
considered  beyond  (§59). 

§28.  Obliteration  of  fossils, —  Another  result  consists  in  the 
solution  and  obliteration  of  fossils,  especially  those  of  a  calcareous 
nature,  enclosed  in  porous  masses  of  gravel,  sand  and  clay,  even 
when  indurated.  The  absence  of  sea-shells  from  one  such  stratum, 
in  Brazil,  is  stated  to  be  "  largely  owing  to  the  fact  that  they  have 
been  dissolved  out  by  rains."^'^ 

Their  general  absence  from  extensive  modem  deposits,  in  South 
America,  has  been  explained  by  the  certainty  of  their  disappear- 
ance from  the  surface  by  alluvial  action  and  dissolution  in  rain- 
water.^20  j^  the  Champlain  deposits  of  this  country,. the  scarcity 
of  fossils  is  generally  remarkable ;  they  seem  to  be  almost  alto- 
gether confined  to  the  blue  clay,*^^  which  has  been  shown  to  be 
the  remnant  of  the  deposit  but  little  affected  by  the  acid  waters 
infiltrating  from  above.  It  is  even  a  question  how  far  the  marly 
character  of  most  of  these  clays  may  be  due  to  later  and  perhaps 
recent  alteration,  by  such  solvents,  of  former  abundant  enclosures 
of  shells. 

Again,  the  great  Loess-deposit  in  this  counti^,  as  also  in 
Europe  and  China,  is  characterized  by  a  significant  absence  of 
almost  all  fossils  but  those  of  a  few  terrestrial  mollusks,  except 
where  the  material  is  clayey.  Richthofen,  Pumpelly  and  Todd, 
have  called  attention  to  the  abundance  of  fine  tubular  cavities, 
branching  downward  like  root-marks,  mostly  confined  to  the  upper 
portion  of  the  Loess,  being  rare  at  a  depth  exceeding  thirty  or 
forty  feet.  The  views  of  these  observers,  advanced  on  the  still 
mooted  problem  of  the  origin  of  the  Loess,  have  been  partially 
founded  on  this  absence  of  marine  organisms ;  but  Hilgard,  in  a 
recent  paper,^^^  suspects  the  connection  of  this  absence  from  the 
mass  of  the  deposit  with  the  solution  and  re-deposition  of  calcium- 
carbonate,  which  at  least  he  shows  to  be  constantly  and  rapidly 
going  on.  Whether  marine  or  terrestrial,  vast  numbers  of  shells 
appear  to  have  been  dissolved  up,  and  their  material  often 
concentrated  in  the  calcareous  concretions  which  abound  through 
the  Loess.  He  made  similar  observations,^^  both  on  the  scarcity 
of  fossils  and  the  associated  abundance  of  calcareous  concretions, 

"»  C.  F.  Hart.  op.  cU.,  82.  »«oC.  Darwin,  Geol.  Obs.,  1876. 415. 

««  Geol.  of  N.  H.,  Ill,  les-iee.        »"  Am.  J.  Scl.,  1879,  (8),  XVIII,  108. 

«"  Smith'8  Cont..  No.  248,  (1872). 
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in  the  deposits  of  the  later  Tertiary  and  overlying  "Port  Hadson 
Group "  of  the  Southern  States.  In  clayey  layers  the  forms  of 
shells  were  sometimes  only  partially  obliterated ;  and  there  were 
transitions  in  the  same  stratum  from  an  abundance  of  perfect 
shells,  through  all  stages  of  obliteration,  into  a  congeries  of 
calcareous  concretions  in  a  more  sandy  and  porous  envelopment. 
The  concretionary  aggregation  of  these  calcareous  deposits  points 
to  the  influence  of  organic  acids  of  a  colloid  character,  though, 
with  calcareous  fossils,  carbon  dioxide  may  suflSce  for  their  ob- 
literation ;  with  those  which  are  siliceous,  as  in  the  chert  pebbles 
of  the  Tertiary  beds  of  New  Jersey,  acids  of  a  more  complex 
character,  the  azo-humic,  miLat  come  into  play. 

The  variety  of  changes  through  which  fossils  may  pass,  when 
replaced  by  so  protean  a  material  as  oxide  of  iron,  is  also  illus- 
trated by  the  successive  occupation  of  the  cavities  of  a  coral  by 
limonite,  siderite,  and  hematite,  in  the  Northampton  sands, 
England,  with  the  final  solution  and  entire  removal  of  the  coral 
itself.124 

§  29.  Formation  of  Concretions. — The  origin  of  calcareous  clay- 
balls,  argillaceous  concretions,  and  septaria,  is  probably  in  large 
part  connected  with  this  process,  and  oflfers  a  promising  field  of 
investigation.  The  little  that  is  now  known,  in  regard  to  the  de- 
velopment of  these  curious  forms,  has  been  chiefly  derived  from  im- 
perfect and  ancient  observations.  Although  the  only  organic  acid 
they  are  known  to  contain  is  carbon  dioxide,  mainly  combined  with 
lime  and  in  part  with  ferrous,  magnesic,  and  manganous  oxides, 
it  may  be  merely  the  fixed  residue  of  organic  acids  of  more  com- 
plex form,  of  which  any  remnant  must  be  searched  for  mitinly  in 
the  exterior  layer  or  film.  Even  the  subterranean  decomposition 
of  nitrogenous  organic  matters,  such  as  seaweeds  in  marly  clays, 
with  a  limited  supply  of  oxygen,  must  have  yielded  other  acids, 
besides  carbon  dioxide,  to  effect  the  concentration  of  the  calcium- 
carbonate  in  the  large  nodular  masses  there  observed.^^  Nor  is 
it  yet  established  even  with  siliceous  concretions,  such  as  those  of 
Colorado,  North  Carolina,  etc.,  whether  the  solvent  has  not  in 
some  cases  consisted  of  solutions  of  humus  instead  of  thermal 
waters. 

i««  J.  ETans,  Rep.  Brit.  Ass.,  1878, 634. 

>M  G.  Forchbammer,  Bep.  Brit.  Ajs.,  1844,  XIV,  165. 
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IX.  Chakges  within  the  Deep-sea  Ooze. 

§80.  Evidences  of  chemical  action.  —  Recent  discoveries  by 
Wyville  Thomson,  Carpenter,  and  their  coadjutors,  have  shown 
that  chemical  changes  previously  unsuspected,  remarkable  both 
in  regard  to  character  and  extent,  are  in  progress  in  the  layer  of 
ooze  upon  the  bottom  of  all  the  oceans.  There  is  a  general  and 
well-founded  caution  with  regard  to  the  reference  of  these  changes 
to  the  agency  of  carbon  dioxide ;  and  I  think  that  they  can  now 
be  safely  correlated  with  those  carried  on  in  sub-aenal  strata, 
as  already  described,  by  organic  acids,  with  the  development  of 
similar  products.  A  brief  review  of  the  nature  of  these  chemical 
changes  will  first  be  given. 

The  oozes  over  different  areas,  variously  distributed  and  inter- 
mixed, consist  of  three  materials :  the  first  two  of  organic  origin, 
siliceous  and  calcareouSy  according  to  the  predominance  of  the 
siliceous  organisms,  e.  g.,  sponge-spicules,  the  diatoms,  polycys- 
tines,  radiolarise,  etc.,  or  of  the  calcareous,  e.  gr.,  globigerinse,  or- 
bulinse,  and  other  foraminifera :  the  last,  the  ferruginous  or  ^^red 
clay,"  in  the  deepest  waters.  According  to  Thomson  the  carbon 
dioxide  of  the  sea-water  has  assisted  in  the  production  of  a  great 
part  of  the  ferruginous  ooze,  by  its  decomposition  of  the  calca- 
reous shells  of  the  foraminifera  which  live  upon  the  surface,  after 
their  death,  and  by  its  entire  solution  and  removal  of  their 
calcium-carbonate,  during  their  long  descent  toward  the  bottom.^^ 
By  this  continual  shower  of  the  particles  of  the  ultimate  inorganic 
and  ferruginous  residue  upon  the  bottom,  he  believes  that  the 
**  globigerina-ooze  "  of  the  shallower  waters  passes  into  the  "  grey 
ooze,"  and,  below  the  depth  of  2500  fathoms,  into  the  abyssal 
"red  clay."  Thus  the  amount  of  calcium-carbonate  in  the 
globigerina-ooze,  forty-four  to  eighty-four  per  cent,  by  the  analyses 
of  J.  S.  Brazier^^^  (61.3  by  Hunter's  analy8is,i88  53.8  by 
Mahony's,^^  and  50.1  by  Forbes  ^^o^^  diminishes  in  the  red  globi- 
gerina-ooze, and  still  more  in  the  red  clay,  ranging  in  these  from 
58  down  to  1.5  per  cent.  The  theory  that  the  ooze-layer  receives 
at  least  partial  increments  from  deposits  of  this  character  is  fortified 
by  the  experiment  of  Buchanan,  who  obtained  nearly  one  per  cent. 

i>«  C.  Wyrille  Thomson,  Address  before  Brit.  Assoc.,  Nature,  1878,  XVIH,  450. 
»T  Voy.  of  ChaU.,  Atlantic,  1878,  U,  815. 
^s*  Am.  Chemist.  1870. 1. 138. 
»»»Chem.  News.  1870,  VI.  260. 
^  Depths  of  the  Sea,  514. 
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of  a  red  residue  of  similar  composition  to  the  "red  clay/'  on 
treating  a  sample  of  globigerina-ooze  with  a  dilute  mineral  acid. 
J.  Murray  states,  "  the  most  potent  agent  concerned  in  the  re- 
moval of  these  shells  from  the  majority  of  the  deep-sea  deposits 
is  very  likely  that  suggested  by  Prof.  Wyville  Thomson,  viz., 
carbonic  acid ;  yet  there  may  be  others."  According  to  his 
view,  however,i3i  i\^q  genesis  of  the  red  clay  has  been  due  to 
the  decomposition  of  feldspathic  minerals,  detected  by  the  mi- 
croscope in  the  ooze,  which  have  been  poured  into  the  ocean  in 
suspension  by  rivers  and  by  atmospheric  showers,  viz.,  pumice, 
feldspar  and  sanidine,  as  well  as  augite,  hornblende,  quartz,  leu- 
cite,  magnetite,  mica  and  olivine. 

However,  no  experimental  proof  has  yet  been  presented  of  the 
ability  of  carbon  dioxide  to  overcome,  in  so  short  a  time,  the 
resistance  to  decomposition  of  the  chitinous  tissue  of  a  i^ecently 
living  shell,  and  the  protection  from  solution  it  affords  to  the  en- 
veloped calcium-carbonate.  The  known  feeble  influence  of  carbon 
dioxide  upon  the  pumice,  etc.,  especially  under  the  conditions  of 
temperature,  etc.,  at  the  sea-bottom,  renders  it  further  probable 
that  the  chemical  action  has  taken  place  chiefly  upon  the  bottom, 
within  the  ooze,  and  at  an  inconceivably  slow  rate. 

Again,  nodules^^a  i^^yq  been  found  abundantly  in  the  red  clay, 
which  consist  mainly  of  manganic  oxide,  in  part  of  ferric  oxide. 
They  are  "  round,  oval,  or  mammillated,  and  very  irregular,  vary- 
ing in  size  from  a  grain  of  mustard  seed  to  a  large  potato."  They 
possess  a  concentric  structure,  with  a  radiating  fibrous  arrange- 
ment, and  "appear  to  form  loose  among  the  soft  clay."  The 
corals,  otoliths,  teeth,  siliceous  sponges,  etc.,  which  are  often 
largely  disseminated  through  this  variety  of  ooze,  frequently  dis- 
play a  metasomatic  alteration  into  the  same  concretionary  material ; 
and  fragments  of  pumice  or  other  minerals  often  constitute  the 
nuclei. 

Indications  of  flint,^^^  of  a  somewhat  indefinite  nature,  have  been 
also  frequently  noticed,  apparently  occurring  only  where  siliceous 
organisms  were  absent.  Sometimes  it  was  represented  by  a  sili- 
ceous cement,  binding  together  the  shells  of  the  ooze,  in  a  gray 
flinty-like  matrix;  sometimes  by  small  angular  and  soft  pieces 

">  Proc.  Hoy.  Soc..  1876,  XXIV,  631;  Voy.  of  Chall.  Atl.,  II,  t53-2S5. 
»« Thomson  and  Murray,  Proc.  Roy.  Soc,  1876,  XXIV,  39, 464,  etc.;  Voy.  of  ChaU., 
Atl.,  1, 169, 189,  etc.    Also  in  Loch  Fyne,  J.  T.  Buchanan,  Nature,  1878,  XVIII,  628. 
u*  Murray,  idem,  491, 517, 624,  etc. 


Digitized  by  VjOOQ IC 


BT  ALEXIS   ▲.   JDLIBN.  859 

of  a  cherty-like  mineral ;  and  sometimes  by  a  yellow  and  green 
siliceous  nucleus  to  the  manganese  nodules,  occasionally  present- 
ing agate-bands. 

In  the  bottom  of  the  Pacific,  the  clay  is  sometimes  found  ^'  in  a 
peculiar  concretionary  state,  run  together  into  coherent  lumps," 
or  the  blue  mud  has  even  experienced  an  induration  into  large 
pieces  of  rock,  raised  by  the  dredge,  which  are  '*  merely  hardened 
portions  of  the  bottom."  ^^4 

§31.  Organic  matter  in  the  ooze. —  (Considerable  eyidence  now 
exists  that  a  substance  corresponding  to  humus,  simply  in  its 
yield  of  acid  solvents  of  lime,  oxides  of  iron,  manganese,  etc., 
enters  universally  into  the  constitution  of  the  layer  of  ooze  upon 
the  bottom  of  the  ocean.  Its  exact  composition  has  never  yet 
been  determined ;  but  it  may  be  suspected  that  it  resembles  that 
of  glairine  (§20),  especially  in  its  high  content  of  silica.  As  it 
has  resulted  from  the  continuous  decomposition  of  the  cellulose 
membranes  of  the  diatomacese,  etc.,  and  of  the  gelatinous  sarcode 
of  the  radiolaria,  spongise,  and  foraminifera,  which  may  be  there 
living  or  deposited  by  subsidence  from  the  surface,  its  composi- 
tion must  differ  widely  from  that  of  the  humus  of  subaerial  erema- 
causis,  in  its  large  proportion  of  water  and  nitrogen  and  in  its 
poverty  in  carbon.  It  must  thus  present  the  most  favorable 
conditions  for  rapid  dissociation. 

Concerning  the  globigerina-ooze,  it  is  said,  'Hhe  stomachs  of 
the  more  highly  organized  animals  living  in  it  or  on  its  surface  are 
always  full  of  the  fresher  foraminiferal  shells,  from  which  they 
undoubtedly  derive  not  only  material  for  the  calcification  of  their 
tests,  but  nitrogenous  matter  for  assimilation  likewise."  ^^s  indeed 
Ehrenberg  found  long  ago  that  the  foraminiferal  shells  at  the 
bottom  of  the  ocean  are  "not  empty,  but  are  often  filled  with 
organic  substance ;  "^^  and  a  transparent  gelatinous  matter  has 
been  since  observed  by  Huxley,  and  called  Bathybius,  in  the  form 
of  innumerable  minute  lumps,  scattered  through  the  ooze,  "form- 
ing a  living  scum  or  film  on  the  sea-bed  ....  so  that  it  probably 
forms  one  continuous  scum  of  living  matter  girding  the  whole 
surface  of  the  sea-bed  : "  and  by  Mahony,  as  particles  still  occupy- 

>*«  Thomson  and  Murray,  idem^  88, 499, 904, 606, 029,  etc. 
»»» Thomson,  Voy.  of  Chall..  AU.,  H,  383. 
»«Bi8chof,  op,  eU.,  lU,  109. 
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ing  the  larger  organisms,  on  the  bottom  at  a  depth  of  2435 
fathoms.*^ 

In  the  diatom-ooze,  there  occurs  especially  an  abundance  of 
Holothuridea,  often  with  their  stomachs  and  intestines  distended 
with  the  diatom-ooze,  and,  it  is  stated,  ^Hhere  can  be  little  doubt 
that  the  diatoms  sink  to  the  bottom  still  retaining  a  small  portion 
of  their  organic  matter,  which  is  slowly  extracted  by  the  alimen- 
tary canal  of  the  Holothuridea."^^  In  his  analyses  of  the  ooze 
of  all  varieties.  Brazier  determined  the  loss  on  ignition^  after  dry- 
ing at  230^  F.,  at  from  about  four  to  ten  per  cent. ;  he  also  states, 
*^  the  loss  on  ignition  consists,  for  the  most  part,  of  water,  proba- 
bly water  of  hydration,  but  there  is  in  all  cases  evidence  of  the 
existence  of  organic  matter.  The  majority  of  the  specimens, 
whep  treated  with  hydrochloric  acid,  evolved  the  peculiar  tarry 
odor  so  characteristic  of  some  of  the  limestones  of  this  country  ."^^ 
Hunter's  analysis  of  the  ooze  was  evidently  made  upon  material 
which  had  previously  been  both  washed  and  ignited ;  but  Forbes, 
in  his  analysis  of  Atlantic  mud  from  the  depth  of  1443  fathoms, '^^ 
obtains  ^^  Organic  matter  4.19  per  cent.j"  and  J.  Mahony,  on  the 
ooze  from  2435  fathoms,  obtains  2.30  per  cent. 

Thomson  states,  from  a  microscopical  examination  of  the  ooze 
dredged  from  the  depth  of  nearly  three  miles,  ^'  the  surface  layer 
was  found  to  consist  chiefly  of  entire  shells  of  Globigerina  bul- 
loidesj"  together  with  fragments  of  these  and  other  constituents 
of  organic  and  inorganic  origin,  especially  coccollths  and  cocco- 
spheres,  embedded  in  a  viscous  protoplasmic  network.  ^^  Below 
the  surface-layer,  the  sediment  becomes  gradually  more  compact, 
and  a  slight  grey  color,  due,  probably,  to  the  decomposing  organic 
matter,  becomes  more  pronounced,"  the  material  gradually  assum- 
ing a  more  fragmentary,  finely-divided,  and  at  last  nearly  struct- 
nreless  condition.  Thus  he  states  these  shells  are  found  ^^  in  the 
lower  layers  dead,  and  gradually  crumbling  down  by  the  decom- 
position of  their  organic  cement,  and  by  the  pressure  of  the  layers 
above."  ^^^    He  then  makes  a  comparison  to  a  peat-bed,  on  the 

w  T.  Huxley,  Quart.  Jonr.  Mic.  Soe.,  1868,  N.  S.,  vm,  205,  and  Proo.  Roy.  G«og. 
Soo.,  1870, 88;  J.  Mahony,  Chem.  News,  1870,  VI,  269. 
iM  Thomson,  op.  eU.,  U,  290. 
u»  Brazier,  Voy.  of  ChaU.,  AU.,  II,  825. 
i«o  Depths  of  the  Sea,  614. 
Ml  Depths  of  the  Sea,  410. 
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ground  of  these  phenomena,  which  might  be  strengthened,  in  my 
opinion,  by  reference  to  the  chemical  reactions  in  progress. 

§  32.  Organic  matter  in  aeorwater. —  There  is  also  much  impor- 
tance in  the  trace  of  dissolved  organic  matter  which  occurs  in  the 
waters  of  many  seas,  e.  g.j  the  Baltic,  Adriatic,  Black,  Caspian, 
Dead,  etc.^^  The  water  of  the  Atlantic  ocean  itself  contains 
substances  allied  to  soluble  humus,  both  In  solution  and  suspen- 
sion, which,  according  to  Thomson,'*^  probably  serve  for  the 
nutrition  of  many  forms  of  marine  organisms,  by  absorption 
through  their  Jelly-like  bodies.  In  the  composition  of  sea-water, 
as  determined  by  the  analyses  of  eight  samples  collected  during 
the  third  cruise  of  the  Porcupine,  Dr.  Frankland  reports  a  "lai^e 
amount  of  very  highly  nitrogenized  organic  matter  contained  in 
most  of  the  samples,"  of  which  the  amount  may  be  represented, 
with  a  comparative  reference  to  other  waters,  in  the  following 
brief  summary  of  his  results :  ^^ 

Ghrammea  in  100  cc,  of  water. 

Ocean.  Biver  Thames.         Loch  Katrine. 

.  Organic  carbon  C  0.00013  to  0.00046  0.00016 

I  0.00065 
Total  combined  C  0.00017  to 
Nitrogen  <  0.00059      ,  0.00028  0.00001 

The  vertical  distribution  of  this  substance  bears  a  constant 
relation  to  the  amount  of  animal  life ;  and  as  the  latter  predomi- 
nates in  the  zone  near  the  surface  of  the  sea  and  again  in  that 
upon  the  bottom,  so  the  proportion  of  organic  matter  is  less  in  the 
intermediate  waters  than  above  or  below,  and  most  constant  in  the 
bottom  watersM^  The  sources  of  this  substance  can  be  assigned, 
not  only  to  the  continual  decomposition  of  the  organic  portion  of 
the  ooze  and  of  the  dead  bodies  of  marine  animal  organisms ;  but 
also,  as  pointed  out  by  Thomson  and  Frankland,  to  the  vast  con- 
tributions of  such  material  poured  in  f^om  the  land  by  all  rivers-^— 
ftom  the  algse  along  the  shores,  which  occupy  a  band  averaging  a 
mile  in  width  and  sloping  often  US  a  depth  of  100  fathoms — and 
to  the  vast  marine  tracts  of  seaweeds,  such  as  the  ''Sargasso  sea" 

utBoUi,  cp.  eU.f  1, 469,  479,  625,  etc. 

us  Depths  of  the  Sea,  47;  Proc.  Boy.  Soc,  1869,  XVIII,  June  and  Not.,  476,  and  1875, 
XXni,  S38. 

i««  Depths  of  the  Sea,  511. 

i<*  W.  L.  Cai'penter,  idem;  Buchanan,  Proc.  Boy.  Soo.,  1878,  XXIY,  606. 
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in  the  Atlantic,  with  its  3,000,000  square  miles  of  area.    The 
enormous  masses  of  decomposing  Tegetable  matter  in  the  salt- 
marshes,  continually  being  leached  along  the  margins  of  the 
oceans — in  the  submerged  peatbeds,  whose  existence  has  been 
pointed  out  ^^^  along  many  shores  —  and  in  the  organic  portion  of 
the  dust  of  land-breezes,  sweeping  far  out  over  the  seas,  repre- 
sent other  and  important  sources  of  this  constituent  of  sea-water. 
One  probable  result  of  the  further  decomposition,  by  aeration,  of 
the  organic  matter  in  the  sea  and  in  the  ooze,  is  the  development 
of  carbon  dioxide  in  a  proportionate  quantity  in  solution,  which 
is  much  greater  near  the  bottom  of  the  sea,  than  at  the  surface : 
^«  9"t  by  the  average  of  the  determinations  of  Buchanan, ^^^  20.7 
per  cent,  at  the  surface,  26.2  per  cent,  in  the  median  zone,  and 
27.9  per  cent,  in  the  greatest  depths.    These  bottom  waters  are 
therefore  found  to  present  the  ocean-layer  ricJiest  in  organic  matter^ 
dissolved  and  suspended,  in  carbon  dioxidej  and  in  calcium^  and 
poorest  in  oxygen^  over  the  red-clay  areas.     Thomson  has  attributed 
this  abnormal  amount  of  carbon  dioxide  in  the  bottom-waters  of 
the  South  Atlantic  to  their  derivation  from  the  surface-waters  of 
Antarctic  regions,  in  the  course  of  the  oceanic  circulation ;  but  all 
the  characteristics  just  stated  are  exactly  those  consistent  with 
contiguity  to  the  decomposition  of  organic  matter  in  the  underly- 
ing ooze. 

§  33.  Presence  of  organic  a/^ids. — From  this  point  of  view,  there 
are  the  following  reasons  to  suspect  that  other  organic  acids, 
besides  carbon  dioxide,  may  share  to  some  extent  in  the  submarine 
chemical  action  now  attributed  entirely  to  that  gas.  First,  some 
of  the  humus-acids,  especially  humic  and  apocrenic,  are  certainly 
contributed  by  the  rivers,  decaying  algse,  and  subsided  peat-beds 
and  salt-marshes;  and  in  the  slow  submarine  decomposition  of 
the  sarcode  of  organisms,  the  development  of  other  acids,  possi- 
bly of  this  group,  certainly  of  more  complex  constitution  and 
even  in  lytrogenized  combinations,  probably  precede  and  accom- 
pany that  of  carbon  dioxide. 

Secondly,  the  submarine  concentration  of  manganese  and  iron 

M« Along  the  shores  of  Great  Britain,  Lyell,  Princ.  of  GeoL,  1874,  I,  54»-650,  and  II, 
636:  around  the  Irish  coast,  Juices,  op.  ci<.,  686:  at  the  mouth  of  the  Pari,  L.  Agassiz, 
Jour,  to  Brazil,  1868,  434-5:  at  Ireland  Island,  Bermudas,  Thomson,  Toy.  of  ChaU., 
Atlantic,  1. 298:  in  the  Ticinity  of  New  York,  D.  S.  Martin,  before  N.  T.  Acad,  of  Sci., 
Nov.  17, 1879,  etc. 

147  DepUis  of  the  Sea,  496. 
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peroxides,  in  the  concretions  referred  to,  appears  analogous  to 
the  exceedingly  common  sub-aerial  process,  resulting  in  the  same 
products,  which  is  certainly  being  carried  on  by  the  more  complex 
acids. 

Thirdly,  the  partial  deoxidation  and  complete  solution  of 
the  iron  silicate  out  of  the  "  red  clay,"  and  its  deposition  within 
and  without  the  delicate  structure  of  globigerina  as  perfect  casts, 
in  the  form  of  glauconite,  is  an  operation  beyond  the  powers  of 
carbon  dioxide,  and  corresponds  closely  at  least  to  the  deoxida- 
tion and  solution  of  ferrous  oxide  and  silica  by  azo-humic  acids 
in  sub-aerial  deposits.  The  problem,  as  yet  unsolved,  in  rjegard 
to  the  origin  of  glauconite,  may  yet  find  a  satisfactory  explana- 
tion in  this  direction,  when  the  exact  character  and  action  of  the 
azo-humic  acids  shall  have  been  more  fully  understood.  Brazier 
found  that  the  ignition  of  the  ooze,^^®  and  Buchanan,  that  of  the 
manganiferous  concretions,^^^  yielded  water  "  with  a  strong  alka- 
line reaction,"  "a  property  generally  possessed  by  rocks  and 
minerals;"  and  this  property,  as  elsewhere  shown  in  this  paper, 
pretty  certainly  indicates  always  the  formative  work  of  the  azo- 
humic  acids  and  the  remaining  presence  of  a  significant  trace. 

Again,  the  ultimate  formation  of  nodules  of  fiint  in  such  deep- 
sea  sediments,  illustrated  in  its  completion  by  the  nodules  and 
lenticular  layers  of  that  mineral  and  chert  disseminated  through 
all  strata  of  Chalk  and  other  calcareous  formations,  is  generally 
explained  by  either  of  two  theories :  that  the  silica  is  concentrated 
from  the  amount  existing  in  the  waters  of  the  ocean :  or  that  the 
siliceous  particles,  contributed  by  sponge-spicules,  diatoms,  radio- 
laria,  •polycystines,  xanthidia,  etc.,  as  well  as  those  of  inorganic 
character,  fragmentary  crystals,  etc.,  are  subsequently  aggregated 
within  the  sediment :  either  process  having  been  brought  about 
by  a  mysterious  entity  represented  by  the  term,  'Hhe  force  of 
segregation." 

Since  the  studies  'of  Leopold  von  Buch  on  the  silicification  of 
shells  (Abh.  d.  K.  Akad.  d.  Wiss.,  Berlin,  1828,  43)  first  called 
general  attention  to  the  remarkable  way  in  which  the  deposit  of 
silica  has  followed  the  extension  of  the  organic  substance  of  the 
animal,  and  that  only,  Bischof  and  most  observers  have  recognized 
an  important  but  as  yet  undetermined  process  of  attraction  be- 
tween animal  matter  and  silica.  H.  Johnson  has  suggested  that 
"•  Voy.  of  ChaU.,  Ati.,  U,  825.         "»  Proc.  Boy.  Soc.,  toe.  cit.,  607-608. 
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the  carbon  of  animal  matter  has  been  directly  replaced  by  silicon ; 
W.  J.  Sollas  (Geol.  Mag.,  1873,  X,  92)  supposes  tliat  ''  when 
silicic  acid  is  added  to  such  animal  matters  as  albumen  or  gelatin, 
it  forms  with  them  a  definite  chemical  compound,"  from  which  it 
may  be  afterwards  separated  during  decomposition.  These  tlieo- 
ries  require  the  introduction  and  addition  of  silica,  necessarily 
from  solution  in  the  sea-water,  to  the  organic  matter  in  place.  I 
would  therefore  modify  Sollas'  theory  by  suggesting  that  during 
the  decomposition  of  the  sarcode  of  both  animal  and  vegetable  or- 
ganisms, after  death,  gelatinous  or  colloid  substances  are  generated, 
resembling  glairine^  which  are  soluble  in  sea-water,  which  combine 
with  silica  and  may  therefore  convey  and  concentrate  it,  dissolv-  ' 
ing  its  particles  disseminated  through  submarine  sediments,  and 
which  may  in  certain  forms,  produced  by  gradual  oxidation,  act 
also  as  acid  solvents  of  lime,  oxides  of  iron  and  manganese,  etc. 
To  this  idea,  in  part,  an  early  opinion  of  Bischof  approaches: 
'*  silicifications  are  nothing  else  than  the  result  of  combinations 
between  the  crenic  acids  (quellsaiiren)  formed  through  decompo- 
sition of  organic  matter,  e.  g.^  of  mussels  and  oysters,  and  silica 
which,  in  aqueous  solution,  6.  ^.,  as  the  water  of  springs,  comes  in 
contact  therewith."  (Erd.  Jour.  f.  pr.  Ch.,  1834,  II,  70-72.) 

Now  the  globigerina-ooze  has  been  found  ^^  to  contain  from 
about  four  to  over  twenty  per  cent,  of  silica,  and  the  "red  clay" 
up  to  54.9  per  cent.,  about  half  the  quantity  being  in  the  soluble 
form.  The  established  solubility  of  silica  in  solutions  of  the  azo- 
humic  acids  therefore  suggests  that,  during  the  consolidation  of 
the  deep-sea  sediment,  such  a  solution  of  disseminated  silica  by 
albuminoids  and  by  acids  of  this  character  is  constantly  in.  prog- 
ress :  that  these  solutions  settle  slowly  into  shallow  basins,  flow 
into  fissures,  and  even  percolate  sluggishly  below,  along  porous 
layers,  generally  perhaps  submarine  basins  and  subterranean 
layers  in  which  organisms  yielding  siliceous  particles  may  pre- 
dominate :  and  that  as  the  complex  organic  combination,  probably 
resembling  a  lime-salt  of  a  silico-azohumic  acid,  is  dissociated  by 
further  oxidation,  the  dissolved  silica  is  deposited  in  colloid  con- 
dition over  the  surface  of  the  basins,  within  the  fissures,  or  below, 
along  the  drainage  planes,  around  the  undissolved  siliceous  organ- 
isms or  particles  as  nuclei,  or  within  the  cavities  of  calcareous 
organisms  during  or  subsequently  to  the  removal  of  their  calcium- 

»«  Buchanan,  Voy.  of  ChaU.,  AUantic,  H,  816-825. 
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carbonate.  The  amount  of  silica  in  solution  in  the  sea-water 
seems  entirely  inadequate  to  account  for  such  silicification,  as 
suggested  by  some  authors,  nor  is  the  process  evident ;  while  the 
frequent  association  of  oxide  of  iron  with  silica,  in  such  submarine 
replacements,  appears  to  be  an  additional  indication  of  the  char- 
acter of  the  solvents  and  process,  as  just  described. 

I  find,  therefore,  the  chemical  reactions  in  progress  within  the 
submarine  ooze-layer  so  similar  in  their  results  to  those  commonly 
observed  in  sub-aerial  unconsolidated  deposits  (6.  g.,  the  Tertiary 
and  Cretaceous  sands  of  New  Jersey),  that  I  am  inclined  to  as- 
sign both  to  substantially  the  same  solvent  agency — that  of  acids 
produced  by  organic  decomposition.  There  is  but  a  single  agency 
which  on  land  is  constantly  producing  the  solution  and  concen- 
tration of  ferric  and  manganic  oxides,  as  well  as  of  silica  itself, 
and  the  cementation  of  sands  by  one  or  more  of  those  three  sub^ 
stances ;  a  similar  agent  shows  its  presence  and  action  by  analo- 
gous results  beneath  the  sea. 

Only  one  material  difference  is  apparent,  that  of  the  predomi- 
nance of  manganese  over  iron  oxide  in  the  concretions  of  the 
ooze,  in  that  superficial  layer  within  the  reach  of  our  investigation. 
The  explanation  is  found,  I  think,  in  the  solvent  action  of  sea- 
watery  as  shown  by  its  composition.  In  1000  parts  of  sea-water, 
various  analysts  have  found  0.0019  and  0.0022  ferrous  carbonate 
in  the  North  Atlantic  Ocean,  0.005  in  the  Irish  Sea,  0.0029  to 
0.0065  in  the  Indian  Ocean,  etc. ;  ^^^  but  not  even  a  trace  of  man- 
ganese has  yet  been  reported.  May  we  not  thence  suppose,  that, 
during  the  ages  of  the  slow  increment  of  the  abyssal  ooze,  a 
constant  solution  and  removal  of  the  iron  oxide  has  been  carried 
on  by  the  sea- water,  out  of  the  superficial  layer,  while  the  greater 
part  of  the  manganese  has  merely  been  concentrated,  peroxidized, 
and  rendered  insoluble  ? 

Action  upon  Solid  Rocks. 

§34.  Superficial  decomposition. —  The  superficial  effects  upon 
rocks  of  the  corrosive  action  of  acids,  derived  from  decomposing 
vegetation,  will  not  now  be  discussed.  It  is  sufficient  here 
to  state  my  conviction  that  these  effects,  everywhere  apparent 
upon  naked  surfaces  of  rocks,  even  when  vertical,  have  been  due, 
to  a  far  larger  extent  than  usually  believed,  to  the  initial  and  long 

i*>Both,  op.  cU.,  505^1. 


Digitized  by  VjOOQ IC 


866  GEOLOOICAL  ACnON  OF  THE    HUHUS   ACIDS  ; 

continued  action  of  cryptogamoas  vegetation,  especially  that  of 
the  lichens  and  mosses ;  not  so  much  perhaps  by  the  direct  action 
of  the  organic  acids  within  the  living  tissues,  as  by  those  of  the 
films  or  layers  of  humus  underlying  the  encrusting  sheets  of  these 
plants. 

To  these  acids  may  be  attributed  also,  to  a  greater  or  less  de- 
gree, the  excavation  of  shallow  basins  on  horizontal  surfaces,  the 
loosening  and  •  separation  of  blocks  of  rock  along  the  face  of 
ledges,  etc.  At  present  we  will  proceed  to  consider  the  more 
profound  effects  of  the  same  solvent  agencies. 

Even  in  those  rocks  in  which  alteration  has  been  strongly 
resisted  by  their  structure,  e.  g.<,  fine  texture — by  absence  of 
lamination,  fissures  and  cavities,  e.  g.^  in  many  of  the  more 
compact  eruptive  rocks,  possessing  a  glassy  base — or  by  their 
chemical  composition,  such  as  the  absence  of  soluble  or  unstable 
constituents,  e.  ^.,  the  aluminous  argillytes,  siliceous  sandstones, 
etc.  —  there  is  universal  evidence  of  a  deep  and  extensive  de- 
composition. No  quarry,  mine,  boring,  or  artificial  excavation  of 
any  kind  has  yet  been  made  to  a  depth  which  limits  the  progress 
of  this  alteration,  at  least  along  the  most  continuous  and  empty 
fissures.  And  wherever  those  minerals  are  abundant  which  are 
rich  in  soluble  bases,  e.  g.,  hornblende,  chlorite,  augite,  etc.,  and 
particularly  those  which  are  unstable,  e,  g.,  the  metallic  sulphides, 
there  the  decomposition  is  notoriously  extensive,  and  affects  and 
accelerates,  by  a  kind  of  contact  action,  that  of  other  constituents 
in  which  its  progress  would  ,be  otherwise  slow.  The  waste  ma- 
terial on  the  dumps  of  any  mine  presents  a  striking  illustration  of 
the  rapidity  of  the  last  instance  mentioned. 

X.  Erosion  op  Limestones. 

§  35.  General  erosion  mid  excavation, — The  ready  solvency  of 
limestone,  even  in  carbon  dioxide,  has  led  to  far  more  extensive 
and  conspicuous. results  of  erosion  than  those  produced  in  most 
other  rocks ;  and  these  have  long  been  the  subject  of  investigation 
by  all  geological  observers.  It  has  been  pointed  out  that  even 
'*  in  the  sea,  vegetation  carries  on  a  slow  degradation  of  the  sides. 
Especially  must  it  deeply  corrode  calcareous  rocks."  ^^^  Certainly, 
on  the  land,  many  of  these  results  may  be  attributed  in  large  part 

i»«  M.  Delesse,  Lithologie  da  fond  des  men,  1871. 
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to  other  organic  acids,  derived  even  from  living  vegetation.  "We 
frequently  find  in  meadows  smooth  limestones  with  their  surfaces 
covered  with  a  network  of  small  furrows.  When  these  stones 
are  newly  taken  out  of  the  ground,  we  find  that  each  furrow 
corresponds  to  a  rootlet,  which  appears  as  if  it  had  eaten  its  way 
into  the  stone."  ^^ 

The  action  of  many  acids,  produced  by  decomposition,  are 
surely  concerned  where  bogs,  rich  soils,  and  similar  accumu- 
lations of  humus,  rest  directly  upon  a  limestone-stratum.  The 
general  erosion  this  material  has  experienced,^^  in  regions  of 
abundant  vegetation,  is  shown,  even  superficially,  by  deep  pitting, 
gulleying,  the  removal  of  vast  quantities  of  material,  and,  as 
Bischof  long  ago  pointed  out,  the  sinking  of  strata.  The  action 
has  probably  begun  by  the  vertical  sinking,  both  of  a  humus-bed 
and  of  its  drainage-ways,  into  its  easily  soluble  foundation,  ac- 
celerating by  the  same  process  the  work  of  mechanical  corrosion. 
When  an  excessive  amount  of  calcium-carbonate  has  been  thus 
brought  into  solution — as  when,  in  the  tropics,  a  stream,  over- 
hung by  dense  vegetation,  fiows  over  coral  rock — it  may  be  con- 
stantly deposited  upon  the  bed  of  the  stream  in  the  form  of  ridges 
and  projections,  enclosing  basins.*^ 

The  joints  and  more  irregular  fissures  which  abound  [)articularly 
in  limestone-strata,  have  also  been  the  seat  of  enormous  erosion 
and  widening  into  subterranean  passages  and  caverns,  chiefly 
by  a  chemical  solution  of  their  material,  which  has  been  mainly 
eflTected  by  carbon  dioxide ;  though,  during  and  immediately  after 
heavy  rains,  the  other  humus-acids  must  have  taken  their  part  in 
this  action.  The  excavation  of  caverns  in  the  Sub-Carboniferous 
limestones,  and  the  deposit  within  them  of  stalactitic  limonite  ores, 
"by  the  dissolving  action  of  acid  waters,"  "probably  containing 
carbonic  acid,"  has  been  largely  discussed,  for  Missouri,  by  Dr. 
A.  Schmidt  and  P.  N.  Moore  (Geol.  Surv.  Missouri,  1872,  127, 
640-1,  and  1873-4,  405),  and  for  Alabama,  by  E.  A.  Smith  (Rep. 
Geol.  Surv.  Ala.,  1879,  15). 

.  »»»  J.  Lleblg,  Modern  Agric,  43. 

*^  See  the  work  of  T.  Mellard  Reade  on  "  Chemical  denudation  in  relation  to  Geo- 
1  ogical  Tlme»»*  1879.  Also  his  paper  on  "  (;hemical  Action  in  its  geological  aspect," 
Hardw.  Sci.  Goss.,  1879,  6.  The  agency  there  considered  is  merely  **  the  chemical 
action  of  rain." 

>»»  At  Wokan  Island  in  the  Pacific,  Mosely,  op.  cii.,  378;  in  Roaring  river,  Jamaica, 
De  la  Beche,  Geol.  Obs.,  18. 
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Lesley  has  made  careful  study '^  of  these  caverns,  in  the  Lower 
Silurian  of  Pennsylvania,  with  special  reference  to  the  following 
points :  the  support  of  the  roof  by  the  union  of  stalactites  and 
stalagmites :  the  occupation  of  the  caverns  by  clay,  as  a  residue 
from  the  solution  of  the  limestone:  the  metasomatic  alteration 
of  the  stalactitic  pillars  into  limonite  (pipe-ore)  :  and  the  letting 
down  of  the  overlying  beds  and  modification  of  the  superficial 
topography. 

The  nature  and  extent  of  that  alteration  and  of  its  significant 
product,  limonite,  suggest  the  associated  action  of  other  organic 
acids  which  are  quicker  and  better  solvents,  both  of  calcium- 
carbonate  and  of  ferric  oxide,  than  carbon  dioxide. 

§  36.  Extensive  denudation, — The  most  impressive  illustration, 
however,  of  the  vast  power  of  these  apparently  feeble  agencies, 
working  quietly  through  long  periods  of  time,  is  shown  in  the 
enormous  denudation  they  have  effected  by  chemical  solution  of 
calcareous  strata  over  extensive  areas. 

Bischof  gave  the  first  full  explanation  of  the  results  of  this 
solution,  in  the  formation  of  caverns  and  in  the  concentration  of 
the  comparatively  insoluble  impurities  of  limestones :  t.  6.,  the 
production  both  of  dolomytes,^^'  by  concentration  of  the  feebly 
soluble  magnesian  constituents — of  clays,*^  by  the  accumulation 
of  siliceous  residues — and  of  iron-ores,^^^  by  the  concentration  of 
iron-oxides.  J.  D.  Whitney  has  observed,  in  the  lead  regions  of 
Wisconsin,^®®  a  layer,  averaging  ten  feet  in  thickness  but  some- 
times reaching  thirty  feet,  consisting  of  soil,  sandy  loam,  and  a 
red  clay  abounding  in  fragments  of  chert  and  galena  or  of  un- 
dissolved limestone,  resting  upon  a  bed  of  that  rock  whose  ''  sur- 
face is  uneven  and  irregular,  bearing  the  marks  of  chemical  rather 
than  of  mechanical  erosion."  This  layer  Whitney  considers  to  be 
the  residuum  left  after  the  gradual  solution,  "by  the  simple 
agency  of  rain,"  of  beds  formerly  extending  over  the  whole  region, 
some  350  to  400  feet  in  vertical  thickness,  of  impure  limestones, 
containing  two  to  ten  per  cent,  of  insoluble  matter  and  one  or 
two  per  cent,  of  ferrous  carbonate,  as  well  as,  in  part,  of  cherty 
limestones  and  calcareous  shales.  The  excavation  of  river  valleys  • 
to  a  very  considerable  width  and  depth,  throughout  the  same 
district,  are  considered  attributable  to  the  same  agency. 

>»•  Geol.  Mag.,  New  Series,  1879,  VI,  459.  w  Op.  cU.,  III.  180-202. 

"•  Idem,  193-4.  "» Idem,  337-340.  »w  Geol.  of  Wis.,  ISM,  1, 117-126. 
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This  process  has  been  observed  on  a  much  larger  scale  among 
the  dolomites  of  southern  Missouri,^^^  where  it  has  produced, 
since  the  close  of  the  Carboniferous  period,  "residuary  deposits" 
of  great  economic  importance,  consisting  of  iron,  lead,  and  zinc- 
ores. 

Vast  masses  of  a  chert-breccia  have  been  thus  formed  in 
Missouri,  etc. ;  in  Belgium  also,  near  Dinant,  etc.,  Dupont  states 
that  blocks  of  the  "Pthanite"  have  been  left,  abundantly  scattered 
upon  the  soil,  by  the  more  rapid  solution  and  removal  of  the 
limestone  (Bull,  de  TAc.  roy.  de  Beige,  (2),  X,  Nos.  9  and  10). 

In  England,  Tertiary  white  clays  have  been  observed,  occupying 
pockets  in  the  Carboniferous  limestone  (and  elsewhere  also  derived 
from  the  Chalk),  which  contain  the  silica  and  alumina  in  the  same 
proportions  (2  to  1)  as  in  the  impuriti^  of  the  limestone.  It  is 
therefore  concluded  that  "they  were  left  behind  in  the  cavities 
after  the  calcareous  matter  had  been  removed  by  watery  dissolu- 
tions" of  carbon  dioxide.^®^  At  Buxton,  partially  dissolved 
fragments  of  limestone  occur  beneath  the  thin  covering  of  turf.^^ 
Argillaceous  limestones,  containing  ferrous  oxide,  are  thus  often 
converted  into  "rotten  stone"  by  the  removal  of  calcium-car- 
bonate, etc.'^^  Similar  examples  occur  abroad  which  I  would 
refer  to  a  corresponding  concentration  of  the  metallic  oxides 
diffused  through  impure  limestones.  In  the  smithsonite  and 
galenite  deposits  of  the  Muschelkalk  formation  of  Upper  Silesia 
and  Poland,  the  following  succession  of  beds  commonly  rests 
upon  the  dolomyte :  1,  Surface  soil  —  2,  Tertiary  sand  and  clay  — 
3,  Yellow  Clay  —  4,  Limonite  —  5,  Clay  —  6,  White  smithsonite, 
thirty  inches  to  fourteen  feet  in  thickness  —  and  sometimes,  7, 
Galenite,  in  the  dolomyte  near  smithsonite,  or  in  pockets  of  the 
overlying  beds.  Beneath  these,  "  the  strata  of  the  floor-limestone, 
which  generally  lie  horizontally,  frequently  have  their  upper 
surface  not  parallel  to  the  stratification,  and  it  appears  as  ifeaien 
by  acidSy  so  that  fossils,  and  some  harder  ledges  of  the  strata,  are 
prominent."  ^^^  Von  potta  recognizes  a  certain  analogy  between 
the  formation  of  the  limonite  in  the  zinc-ore  deposits  and  that  of 
bog  iron-ore.     The  formation  of  the  zinc-ore  he  attributes  to  weak 

i«>  B.  Pumpelly,  Geol.  Sarv.  of  Missouri,  1872, 9-18,  and  1873,8. 

»««  G.  Maw,  Geol.  Mag.,  1867,  IV,  420. 

i«t  '^The  waste  of  rock  masses  by  solution,"  E.  Drown,  GeoL  Mag.,  1869,  VI,  879. 

>•«  J.  B.  Jukes,  Student's  Man.  of  Geol.,  1862, 158. 

»•»  Von  Cotta,  op.  c«.,  248, 256. 

▲.  A.  A.  s.,  VOL.  xxvm.  24 
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zinc  solutions  re-acting  on  the  dolomitic  limestones ;  but  the  very 
analogy  to  bog-ores,  referred  to,  seems  to  indicate  that  the  solution 
of  the  zinc-oxide  itself  has  been  caused  as  well  by  the  action  of 
one  or  more  of  the  same  organic  acids. 

Besides  this  action  of  denudation,  it  has  even  been  suggested 
that  the  metamorphism  of  sedimentary  limestones  into  the  crys- 
talline condition  has  been,  in  Brazil,  produced  '^by  soaking  with 
meteoric  waters."  *^ 

It  has  also  been  noted  that  a  decoloration,  produced  by  the 
same  agency,  has  affected  the  gray  and  yellow  dolomytes  and 
limestones  of  the  upper  Silurian  in  Livonia,  etc.^^^ 

XI.  Porous  Sbdimbktabt  Bocks. 

§  37.  Saturation  of  por&us  masses. — In  the  examples  of  decom- 
position just  discussed,  reference  has  been  made  only  to  those 
rocks  whose  density  is  so  great  as  to  resist  the  passage  of  waters, 
to  any  considerable  extent,  except  through  fissures  or  along  those 
porous  planes  of  stratification  in  which  the  constituent  grains  are 
aggregated  more  loosely  or  by  a  more  soluble  cement.  But  enor- 
mous masses  of  rock  occur,  chiefly  sedimentary,  whose  material  is 
itself  decidedly  porous  and  has  afforded  opportunity  for  consid- 
erable movement  of  infiltrating  waters  through  the  mass  as  well 
as  through  its  division  planes.  In  this  connection  there  is  great 
importance  in  the  experiments  of  Barry,  Delabecbe,  Smith  in 
1839,  and  later  D.  T.  Ansted,i68  T.  S.  Hunt,i«9  and  C.  Lang,"® 
on  the  porosity  of  rocks.  The  calculations  of  Ansted  and  Hunt 
on  the  vast  quantities  of  liquid  which  can  be  held  in  the  pores  of 
all  common  sedimentary  rocks,  have  a  new  and  special  application 
to  their  frequent  actual  content  of,  and  perhaps  occasional  saturation 
by  weak  solutions  of  the  organic  acids,  during  elevation  above 
the  sea-level. 

An  excellent  illustration  of  the  results  of  such  a  saturation  of 
a  porous  mass  is  shown  in  the  sedimentary  sandstones.  In  these, 
however,  the  influence  of  organic  acids  is  shown  in  two  ways, 
which  need  to  be  clearly  distinguished.  First,  in  the  degree  of 
the  purification  of  their  original  materials,  before  consolidation, 

»••  C.  F.  Hartt,  Geol.  of  Brazil,  280. 

»•»  Schrenk,  Arch.  f.  naturk.  Liv.,  etc.,  (1),  1, 24. 

^MCbem.  News,  1S60,  II,  223. 

"•Essays,  104, 164. 

1*0  Zeitschr.  f.  Biol.;  1876,  XI,  813-340. 
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from  all  soluble  and  decomposable  substances;  this  has  been 
already  partially  considered,  in  reference  to  the  beach-sand 
deposits  of  the  present  Atlantic  coast,  and  is  further  discussed  in 
the  historical  review  in  the  closing  section  of  this  paper.  Sec- 
ondly, in  the  solution,  transport,  and  frequent  concentration  of 
their  interstitial  matters  by  meteoric  waters  infiltrating  downward 
from  the  present  land-surface.  The  principal  sandstone  forma- 
tions will  now  be  considered  in  historical  order,  with  reference 
merely  to  this  latter  method  of  chemical  alteration. 

The  dunyte-beds  of  North  Carolina,  which  I  regard  merely  as 
slightly  altered  sediments — as  it  were,  metamorphic  sandstones  — 
made  up  chiefly  of  olivine  grains,  have  presented,  by  their  ferrous 
constituent,  a  material  accessible  to  an  extensive  decomposition 
which  will  be  hereafter  described. 

§38.  SUurian  sandstones. — When  almost  entirely  siliceous, 
both  in  their  grains  and  their  cement,  like  those  of  the  Silurian, 
there  was  little  opportunity  for  decomposition,  except  in  the  few 
scattered  grains  of  feldspar.  The  only  results  are  comprised  in 
the  kaolinic  cementation  of  certain  layers,  the  concentration  of 
ochreous  deposits  in  others,  the  decoloration  of  the  more  quartzose 
and  porous  layers,  the  general  dissemination  of  more  or  less 
opaline  silica  in  the  form  of  cement,  and  the  consequent  mottling 
of  the  rock  in  cross-section  by  irregular  stripes  and  spots  of  red 
and  white.  All  these  forms  of  recent  decomposition  are  well 
shown  in  the  Potsdam  sandstones  of  northern  New  York,  the 
lithologically  similar  sandstones  of  the  pre-Silurian  tract  along  the 
southern  shores  of  Lake  Superior,  the  finer  grained  grits  of  the 
Shawangunk  conglomerate  which  caps  the  ridge  of  the  mountain 
of  that  name  in  New  York,  and  the  similar  grits  of  Lookout 
Mountain  in  Tennessee. 

The  St.  Peter's  sandstone  of  Wisconsin  exhibits  a  remarkably 
mottled  coloration  in  brown  and  white,  and  the  ferric  oxide  is 
often  so  concentrated  that  ^Mn  the  upper  part  of  the  formation, 
irregular  concretions  of  iron-ore  occur ; "  and  in  some  places  the 
ochres  of  this  sandstone  are  separated  by  crushing  and  washing 
for  paint.*'^ 

In  Minnesota,  the  rock  appears  to  have  been  originally  a 
purely  siliceous  sand,   very   feebly  cemented;   and  its  present 

1'*  T.  C.  ChamberUn  and  M.  Strong,  Geol.  of  Wis.,  1873-77,  II,  286,  733. 
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ferruginous  bands  and  mottling  appear  to  have  been  subsequently 
produced  by  local  percolation  of  ferruginous  solutions.  ^^* 

The  ^^  Pictured  Rocks/'  of  the  sandstones  along  the  southern 
shores  of  Lake  Superior,  also  present  a  familiar  illustration  of 
lateral  exudations,  produced  by  this  form  of  chemical  action. 

§89.  Devonian  Sandstones. — The  Devonian  sandstones  and 
flags,  as  represented  in  the  interior  of  New  York,  I  find  to  consist 
chiefly  of  angular  to  sub-angular  grains  of  quartz  and  feldspar, 
with  their  interstices  occupied  by  smaller  grains  of  magnetite, 
scales  of  chlorite,  and  particularly  short  fibres  of  hornblende  in- 
terlacing the  grains  of  the  other  constituents.  The  result  is  an 
'^  argillaceous  sandstone,"  flagstone,  or  greywacke,  peculiarly  com- 
pact and  impermeable,  which  has  retained  its  fresh  condition  to  an 
extent  which  could  not  otherwise  have  been  expected  from  an 
aggregate  of  substances  so  liable  to  ready  decomposition.  Never- 
theless the  impure  greenish  sandstones  of  this  character  which 
form  the  bulk  of  the  Catskill  Mountains,  notwithstanding  their 
^general  fine  texture  and  density,  display  a  decomposition  of  the 
mass  and  oxidation  to  a  brownish  tinge,  sometimes  to  the  depth 
of  over  two  feet. 

In  England,  Young  ^^^  has  found  the  cement  of  the  Old  Bed 
Sandstones  to  contain  from  six  to  twenty-six  per  cent,  of  calcium- 
carbonate;  and  it  would  seem  probable  that  such  a  calcareous 
cement,  common  both  in  the  Devonian  and  Carboniferous  sand- 
stones, may  have  been  derived,  at  least  in  part,  from  infiltration 
from  overlying  limestones  or  from  the  decomposition  of  enclosed 
silicates,  in  either  case  partly  effected  by  percolating  solutions  of 
the  humus-acids. 

§  40.  Carboniferous  Sandstones, — The  cream-colored  sandstones 
of  the  Sub-Carboniferous,  largely  quarried  as  a  building  stone  and 
exported  from  Nova  Scotia,  contain,  in  addition  to  quartz,  a  con- 
siderable amount  of  the  feldspars  in  small  angular  grains,  kaolin, 
iron-ochre  and  a  little  chlorite  in  minute  scales.  The  more  readily 
decomposed  constituents,  which  in  general  can  be  distinguished 
only  on  a  microscopical  examination  of  thin  sections  of  the  rock, 
are  effectually  protected  from  attack  by  meteoric  waters,  in  part 
through  their  fine  grain  and  close  aggregation,  but  chiefly  through 
the  kaolinic  powder  which  completely  fllls  up  their  interstices  with 

i^N.  H.  WincheU,  Geol.  and  Nat.  Hist.  Soft.  Minn.,  1876, 146. 
ITS  J.  Wallace  Young,  Chem.  News,  1868,  UI,  807. 
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a  compact  almost  imperrioas  cemeot.  To  this  are  dae  the  f^esh 
condition  and  almost  unifonn  cream-color  of  the  quatried  rock, 
as  well  as  its  excellent  and  long  continued  resistance,  when  ex- 
posed to  the  weather,  to  decomposition  and  discoloration. 

The  ferruginous  sandstones  of  the  Carboniferous  may  be  in- 
cluded in  the  discussion,  below,  of  their  lithological  equivalents  of 
later  age. 

§41.  Mesozoic  Sandstones. — A  microscopical  and  chemical  ex- 
amination of  the  brown  freestone  from  Portland,  Connecticut, 
reveals  the  following  components :  quartz,  largely  predominating 
in  clear  sub-angular  grains :  orthoclase,  muscovite,  and  ochreous 
ferric  hydrate  :^^*  occasional  particles  of  plagioclase,  hornblende 
and  magnetite,  and  scales  of  chlorite :  and  a  constant  though  very 
small  amount  of  amorphous  calcium-carbonate. 

Near  the  plane  of  contact  with  the  overflows  of  diabase,  which 
form  a  conspicuous  feature  in  this  horizon,  in  the  form  of  the  well- 
known  trap-dykes  of  Connecticut,  New  Jersey,  etc.,  the  meta- 
morphism  has  been  so  general  and  profound  that  often,  though 
not  always,  the  contiguous  layer  of  sandstone,  to  the  depth  of 
five  to  ten  feet,  has  been  converted  into  an  indurated  arkose, 
black  'Hrappean  schists,"  or  an  actual  feldspathic  quartzyte,  in 
which  the  cement  often  consists  of  opaline  silica,  as  shown  by 
careful  analyses.  ^^^  Such  compact  varieties  of  course  have  ex- 
perienced little  decomposition  except  superficial  and  kaolinic,  by 
the  passage  of  meteoric  waters.  But  the  predominant  variety  of 
this  rock,  that  which  is  extensively  exposed  in  the  quarries  of 
Connecticut  and  New  Jersey,  affords,  I  think,  unmistakable  evi- 
dence, in  many  strata,  of  the  passage  of  percolating  solutions  of 
aerated  and  carbonated  waters,  and  probably  of  the  acids  of  or- 
ganic decay,  attended  by  the  attack  and  partial  decomposition 
of  certain  constituents  of  the  rock.  The  nature  of  the  decompo- 
sition is  shown,  in  the  thin  sections,  especially  by  the  grains  and 
scales  of  chlorite,  biotite,  hornblende,  etc.,  in  all  stages  of  ochreous 
alteration ;  and  to  this  may  be  partially  attributed  the  abundance 
of  reddish  ochre  which  fills  up  all  interstices.  The  chlorite  is 
probably  prochlorite,  a  mineral  which,  a%  already  shown  in  Bolton's 

i^«  Cook  reports  three  per  oent  of  ferric  oxide  and  four  per  cent  of  alumina  in  one  ' 
specimen  examined  (Rep.  Geol.  N.  J.,  1868, 509). 

»'»  H.  Wuru,  Proc.  N.  Y.  Lye.  Nat.  Hist.,  1870,  00-105.  P.  Schweltxer.  Am.  Cbem., 
1871,  Julj. 
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table  (§2),  is  readily  decomposed  in  the  cold  by  the  action  of 
citric  acid. 

§42.  Decomposition  of  organic  remains. — The  subterranean 
oxidatibn  and  decomposition  of  vegetable  remains,  within  strata 
of  all  formations,  is  also  an  important  mode  for  the  internal 
development  of  organic  acids.  Illustrations  of  this  fact  are 
abundant  and  well  known.  Prof.  D.  S.  Martin  has  observed,  at 
Newark,  N.  J.,  masses  of  Triassic  sandstone,  in  which  vegetable 
remains  plentifully  occur,  bleached  to  greenish-yellow  and  light- 
gray.  A  similar  reduction  and  change  of  color  in  large  masses 
of  the  rock  have  been  observed  by  Profs.  H.  C.  Bolton  and  A.  H. 
Chester,  in  the  quarries  at  Portland,  Connecticut;  the  Silurian 
sandstones  along  the  shores  of  Lake  Superior  are  often  peculiarly 
spotted  and  mottled  in  this  way;  and  in  many  of  these  cases 
nuclei  of  organic  matter  may  be  detected  near  the  centre  of  the 
lens  or  sphere  of  bleached  rock.  The  same  fact  is  of  common 
occurrence  in  the  layers  of  the  Devonian  and  Carboniferous  sand- 
stones which  contain  carbonized  plants,  fishes,  etc.,  in  central 
New  York  and  elsewhere.  In  such  cases  the  solvent  action  of 
organic  acids  is  probably  in  progress,  such  as  the  carbo-ulmic  and 
carbo-bumic  acids  of  Herz  {vide  ante),  derived  from  lignite;  in 
fact,  Reichel  has  reported  both  bituminous  resin  and  ulmic  acid, 
in  his  analysis  of  the  cement  of  a  sandstone  from  Saxony."^ 

All  loosely  aggregated  and  porous  sandstones  exhibit  the  same 
results  from  infiltrating  acid  solutions. 

The  Triassic  sandstones  largely  quarried  in  the  vicinity  of 
Heidelberg,  in  Baden,  I  found  to  display  the  same  concentration 
of  iron-ochre,  often  to  a  degree  not  usual  in  Americ&n  localities, 
in  large  bunches  which  were  sometimes  almost  pure  limonite- 
ochre ;  a  similar  concentration  of  iron-oxide  in  streaks,  powder, 
etc.,  has  been  observed  in  the  Carboniferous  sandstones  of 
Missouri  (Geol.  Missouri,  1873,  42). 

Action  upon  Slates. 

§43.  General  softening. —  From  the  chemical  composition  of 
argillytes  and  other  crypto-ci^stalline  schists,  they  have  offered  a 
remarkable  resistance  to  the  chemical  action  which  has  caused  the 
decay  of  other  rocks.     Of  course  this  resistance  has  been  prob- 

"•BiBChot,  op.  cii,,  UI,  99. 
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ably  dae  in  large  part  to  their  fine  texture  and  impermeability. 
The  decomposition  effected  is  ordinarily  shown  by  a  softening  to 
a  pulverulent  clayey  mass,  still  retaining  the  schistose  structure, 
and  an  oxidation  of  protoxides,  indicated  by  the  passage  of  the 
hard  blue  and  green  argillytes  into  softer  clay  slates  and  shales. 
Familiar  examples  of  this  disintegrating  action  occur  on  all  slate- 
terranes,  e,  ^.,  in  this  country,  in  Vermont,  North  Carolina,  the 
^uronian  areas  of  Michigan,  Wisconsin  and  Canada;  and  its 
comparatively  shallow  depth,  rarely  over  ten  or  fifteen  feet,  has 
often  enabled  these  soft  rocks  to  project  in  ridges  and  swells,  in 
defiance  both  of  glacial  excavation  and  recent  erosion. 

In  many  cases,  also,  the  green  mottling  of  the  hard  blue 
roofing-slates  appears  to  be  one  of  the  deeper-seated  later  effects, 
of  secondary  origin,  brought  about  by  an  alteration  of  the  con- 
dition of  oxidation  of  the  iron-oxides  by  percolating  acid  solu- 
tions. 

§  44.  Red  Shales. — Again,  there  is  some  reason  to  believe  that 
the  rock  of  the  Catskill  formation,  in  the  Catskill  mountains  of 
New  York,  styled  the  *'  red  shale,''  should  more  properly  be  called 
the  ''green  shale.'*  The  original  color  and  condition  of  oxida- 
tion, still  retained  in  the  underlying  mass,  seemed  to  me  to  be 
occasionally  revealed  in  fresh  excavations  by  streams  or  artificial 
means,  at  many  points  in  the  vicinity  of  the  Kaaterskill  Clove, 
and  even  along  the  road  on  the  ascent  to  the  Mountain  House. 
The  term  generally  accepted  seems  to  be  an  instance  of  the  er- 
roneous conclusions  and  names  which  have  been  often  founded 
upon  the  visible  characteristics  of  the  superficial  and  decomposed 
crust  of  a  rock;  in  fact  in  many  regions,  the  true  lithological 
character  of  certain  strata,  entirely  unaffected  by  decomposition, 
has  never  yet  been  seen,  or  perhaps  only  in  artificial  shafts  of 
extreme  depth.  . 

The  deposit  of  red  clay  which  deep-sea  exploration  has  revealed 
over  the  ocean  bottom  off  the  coast  of  South  America,  and  which 
the  naturalists  of  the  Challenger  attribute  to  the  silt  of  the  large 
rivers  of  that  continent,  illustrates  the  conditions  of  the  forma- 
tion of  the  red  silt,  containing  the  iron  in  peroxidized  state,  which 
constitutes  the  coloring  material  of  Triassic  sandstones  and  red 
shales.  But,  in  general,  sufficient  organic  matter  has  been  inter- 
mingled with  such  silt  deposits  to  reduce  most  of  their  free  iron- 
oxide,  very  soon  after  consolidation,  to  the  ferrous  state.    And 
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in  the  Catskill  formation,  a  comparatively  impermeable  cap  has 
been  sapplied,  for  protection  from  later  alteration,  by  the  con- 
glomerates and  remarkably  compact  flags  which  overlie  and  are 
interbedded  with  the  shales.  In  the  flags,  the  oxide  of  iron  of 
the  detrital  ingredients  is  largely  in  a  ferrous  condition,  and 
the  rock  is  green,  which  is  everywhere  apparent  becaase  the 
"  weathering "  has  penetrated  but  one  or  two  feet  into  the  com- 
pact material.  This  alone  would  create  a  presumption  that  the 
finer  sediments,  now  represented  by  the  shales,  must  have  been 
originally  of  the  same  character  and  color ;  and  their  thin  lami- 
nation has  caused  the  shales  to  be  affected  by  a  deeper  decompo- 
sition (often  fifteen  or  twenty  feet)  than  the  more  compact 
associated  fiags.  Again,  in  the  red  crust  of  tliese  green  shales, 
a  subsequent  return  of  the  iron  to  the  ferrous  condition  is  often 
shown,  in  the  Catskills,  by  a  green  veining  and  mottling,  some- 
times of  an  extensive  character,  in  strong  contrast  with  the  red 
color  of  the  shale.  On  close  examination  it  is  always  found  to 
be  connected  with  or  intersected  by  the  natural  joints  and  fissures 
of  the  rock,  and  may  be  certainly  attributed  to  the  reducing  effect 
of  solutions  of  organic  acids,  percolating  through  the  joints  from 
the  rich  humus-layer  which  clothes  the  sides  of  the  mountains. 
This  green  variety  of  shale  of  recent  origin  seems  in  generaf  to 
be  easily  distinguished  from  the  green  color  of  the  unaltered  un- 
'  derlying  rock  by  the  peculiar  brightness  and  shade  of  the  green 
color. 

A  similar  alteration  has  been  noticed  in  some  of  the  hematitic 
phyllytes  of  Belgium,  which  carry  the  layers  of  garnetiferous 
honestone  (coticule).^^  The  margins  both  of  the  natural  cleav- 
age-joints and  irregular  fissures  are  softened  and  bleached  to 
a  yellowish-white  color,  to  the  width  of  several  millimeters  up  to 
one  centimeter.  The  action  has  been  attributed  to  '^  atmospheric 
agents  *'  in  percolating  waters,  washing  the  carbonaceous  coloring 
particles  out  of  the  slate  and  converting  the  hematite  into  limo- 
nite.  Reference  may  here  be  made  to  the  spotting,  often  regular 
and  producing  a  beautiful  effect,  which  is  sometimes  seen,  both  in 
red  shales  (as  at  the  ''  Red  Chasm  "  in  the  Kaaterskill  Clove),  and 
in  the  green  slates  of  Vermont  and  the  green  Cambrian  slates  of 
Wales.i'®    This  seems  to  originate  fix)m  nuclei,  sometimes  of  or- 

1^7  A.  Benard,  H^m.  sur  le  struct,  et  la  oomp.  mln.  dn  coticule,  1877, 89,  note. 
in  G.  Maw,  Geol.  Mag.,  1808,  VI,  576. 
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ganic  matter  but  sometimes  of  pyrite,  and  may  not  always  have 
connection  with  the  organic  agents  now  under  discussion. 

XIII.  Disintegration  op  Crtstalline  Rocks. 

§  45.  Deep  decomposition, — It  is  a  fact  of  universal  observation 
that  crystalline  rocks  in  place,  whose  denuded  surfaces  are  covered 
with  a  weathering  crust,  rarely  exceeding  two  or  three  inches  in 
thickness,  present  internal  evidences  of  decomposition  to  a  great 
depth,  in  some  cases  even  several  hundred  feet.  The  seams  of 
stratification,  slaty  lamination,  joints  and  irregular  fissures,  are 
lined  or  nearly  filled  with  ochreons  and  generally  pulverulent 
deposits  of  the  hydrates  of  the  various  higher  oxides  of  iron  and 
manganese.  Within  ten  to  fifty  feet  of  the  surface,  even  those 
rocks,  which  at  first  glance  appear  compact  and  fresh,  reveal  on 
closer  examination,  astonishing  evidences  of  their  permeability 
and  of  the  corrosive  agency  of  infiltrating  meteoric  waters.  Per- 
haps that  class  of  rocks,  both  crystalline  and  sedimentary,  in 
which  orthoclase  is  a  common  constituent,  and  which  cover  a 
large  extent  of  the  earth's  surface,  presents  the  most  conspicuous 
illustration,  on  the  one  hand,  of  apparent  compactness,  imperme- 
ability, and  apparently  favorable  conditions  for  resistance  to  de- 
composition, and,  on  the  other,  of  the  indubitable  evidences  of 
profound  and  often  extensive  change.  For  example,  the  Mon- 
talban  gneisses  of  even  our  northern  states  present  these  evi- 
dences i«  a  remarkable  degree.  In  an  ordinary  specimen  of  the 
micaceous  gneiss,  poor  in  feldspar,  abundant  on  New  York  island, 
taken  from  a  depth  of  about  ten  feet  and  apparently  but  slightly 
altered,  on  a  section  across  the  lamination  from  ten  to  twelve 
ochreous  seams  were  counted  to  the  inch,  each  covered  by  a  mere 
film  of  the  reddish  ferric  hydrate,  but  so  thin  and  inconspicuous, 
as  to  be  hardly  visible  except  where  the  fracture  ran  obliquely 
across.  On  digesting  the  powdered  rock  in  dilute  hydrochloric 
acid,  I  was  surprised  to  find  that  it  yielded  7.71  per  cent,  of 
ferric  oxide ;  so  that  taking  five  per  cent,  as  the  average,  in  every 
100  cubic  metres  (130  cubic  yards)  of  this  rock  the  amount  of 
13.5  metric  tons  (13.2  English  long  tons)  of  ferric  oxide,  or  9.45 
metric  tons  (9.3  English  long  tons)  of  metallic  iron,  is  on  its  way 
to  lower  drainage-levels :  either  to  pass  into  the  river  and  bay, 
and  so  into  the  ocean,  or,  as  the  conditions  of  the  topography 
shall  determine,  to  be  arrested  in  some  glacial  rock-basin  and 
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marsh,  in  the  form  of  beds  of  bog  iron-ore,  usaally  manganiferoas. 
And  large  beds  of  this  ore  were  found  in  abundance  in  the  bottoms 
of  the  valleys,  on  the  first  settlement  of  Manhattan  island.*^ 

§  46.    Varimis  theories. — The  disintegration  of  grany  te  (maladie 
du  granit)  has  long  ago  been  considered  by  Dolomieu  and  attributed 
by  him  to  the  action  of  carbon-dioxide  evolved  from  subterranean 
vents.     Darwinism  first  called  attention  in  1851  to  the  remarkable 
extent  of  this  decomposition,  as  shown  in  Brazil,  but  suspected 
that  it  had   taken  place  during  submergence  beneath    the   sea. 
Heusser  and  Claraz  suggested^^'  that  the  agent  was  '^  the  dissolv- 
ing action  of  water,  which  increases  with  the  temperature,''  aided 
by  some  nitric  acid  derived  from  the  atmosphere.     Agassiz*^ 
considered  that  the  disintegration  of  rocks  in  the  tropics    had 
been  effected  by  "  the  warm  rains  falling  upon  the  heated  soil." 
T.  Sterry  Hunt^^^  called  attention  to  the  depth  and  extent  of 
this  disintegration,  in  all  the  crystalline  schists  of  the  southern 
United  States  and  of  Brazil,  and  assigned  its  cause  to  the  in- 
fluence of  ^Hhe  peculiar  composition  of  the  atmosphere,  in  early 
times,"  especially  when  rich  in  carbon-dioxide  during  the  Car- 
boniferous period.    Hartt,  in  his  careful  study  of  the  phenomena 
in  Brazil,^®^   assigns    the   cause    to  warm  rain-water,  carrying 
carbon-dioxide  both  from  the  air  and  from  vegetation  decaying* 
upon  the  soil,  ^'together  with  organic  acids,  nitrate  of  ammonia, 
etc."    He  also  states  his  belief  that  the  alteration  occurs  only  in 
regions  anciently  or  at  present  covered  by  forest.     Further  ob- 
servations have  been  contributed  by  J.  D.  Dana  on  the  Pacific 
islands  and    South  American  coast,^®*    Pumpelly  in    China,*^ 
Mis80uri,i87  etc.,  L.  S.  Burbank  in  North  Carolina,*®**  Dr.  Benza 
in  Hindostan,*®^  Le  Conte  on  the  general  subject,*^®  and  many 
others.    I  hope  hereafter  to  present  a  further  discussion  of  the 
phenomena  as  exhibited  in  North  Carolina.     It  is  sufficient  for  my 

"t  Mather.  Nat.  Hist,  of  N.  Y.,  1848,  IV,  I,  liO. 

>M  Geol.  Obs.,  Ed.  of  1876,  427-8. 

i*i  Ann.  d.  mines,  (5),  M^m..  1870,  XVH,  291. 

>»  Letter  of  1866.  Jour,  to  BrazU,  1868,  86-89. 

)•*  Chem.  and  Geol.  Ess.,  1871-1873, 3, 10, 20, 41, 101-8, 2fi0. 

iMGeol.  and  Phya.  Geog.  of  Brazil,  1870, 24. 

i»6  u.  S.  Expl.  Exp..  Geol.,  1846-0, 298, 518,  etc. 

>••  Smiths.  Inst.,  1866,  72, 73,  26. 

>«7  Geol.  Snrv.  of  Missouri,  1878, 8. 

»"  Proc.  Boston  Soc.  Nat.  Hist,  1878,  XVI,  Nov. 

>••  Madras  Jour,  of  Lit.,  1836, 246. 
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present  purpose  to  state  that  this  action  may  be  attributed  simply 
to  the  effect  of  the  abundant  vegetation  which  formerly  clothed 
the  surface  of  that  state,  and  which  probably  rested,  as  it  now 
does  in  the  mountains  of  the  western  part,  upon  a  thick  and  rich 
black  layer  of  decomposing  humus.  So  that,  both  in  Brazil  and  in 
our  southern  states,  the  main  agents  of  disintegration  have  been 
mainly  derived,  I  believe,  from  neither  atmospheric  nor  subterra- 
nean sources,  but  tvom  the  heavy  primeval  forest-growth  which 
preceded  the  inroads  of  our  present  civilization.  And  of  these 
agents  carbon  dioxide  has  been  but  a  single,  and,  in  the  superficial 
work  of  chemical  erosion,  a  subordinate  member. 

In  the  satisfactory  hypothesis,  recently  advanced,*^'  in  regard 
to  the  secular  rock-disintegration  which  preceded  the  excavation 
of  rock-basins  by  wind,  water,  or  ice,  especially  in  post-Tertiary 
times,  attention  was  called  to  the  relationship  of  the  character 
and  degree  of  the  alteration  to  the  chemical  composition  of  the 
material  of  the  rock  itself :  the  property  of  resistance  to  carbon 
dioxide  having  determined  the  survival  of  a  mass,  rather  than- 
the  property  of  hardness  which  chiefly  controls  the  extent  of 
mechanical  erosion.  If,  however,  in  addition  to  the  "carbonic 
acid,  water,  and  free  oxygen"  to  which  the  author  refers  the  dis- 
integration, the  agency  of  complex  organic  acids,  having  a  solvency 
for  silica,  has  been  concerned,  as  now  suggested,  it  might  be 
expected  that  an  alteration  by  such  agents  will  be  shown  by  a 
depth  and  character  of  products  depending  upon  the  solvency, 
and  ready  susceptibility  to  chemical  decomposition,  of  the  silicates 
of  the  crystalline  rocks.  This  will  depend  therefore  not  entirely, 
often  not  even  chiefly,  upon  the  action  of  carbon  dioxide,  and  can 
afl^t  not  merely  the  feldspars,  but,  as  we  actually  find,  all 
silicates  without  exception.  The  degree  of  the  decomposition, 
however,  varies  greatly  with  the  chemical  nature  of  the  rock ;  so 
that,  as  Pumpelly  has  pointed  out,  glacial  action  has  been  com- 
pelled to  spare  projecting  ridges  of  even  such  materials  as  the  soft 
clay  slates  and  mica  schists. 

Prof.  W.  C.  Kerr  has  verbally  described  an  interesting  example 
in  North  Carolina,  with  which  I  have  also  been  impressed,  of  the 
remarkable  contrast  between  the  deep  decay  and  disintegration  of 
the  crystalline  rocks  of  the  "Greensboro  belt,"  c.  gr.,  gneisses, 
diorytes,  greenstones,  etc.,  stretching  across  the  state  from  north- 

>»  B.  PnmpeUy,  Am.  J.  Sci.,  (8).  1879,  XVII,  13S. 
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east  to  southwest,  and  the  thinly  disintegrated  or  even  almost 
naked  surface  of  the  aluminous  slates  of  the  parallel  belt  on  the 
east ;  though  even  in  the  latter  a  decomposition  to  a  great  depth 
is  usually  shown  by  their  alteration  from  hard  blue  or  green 
argillytes  to  softened  and  ferruginous  clay  slates. 

XIV.    Theory  of  Subtbrrakban  Decomposition. 

§47.  PrincipcU  agents, —  What  has  been  the  agency  to  which 
we  must  attribute  the  decomposition  of  minerals,  as  well  as  the 
transport  of  their  products,  in  such  enormous  quantities?  We 
can  not  look  upon  carbon  dioxide  solely,  and,  it  is  probable,  not 
even  chiefly,  as  the  attacking  agent :  though  it  may  have  served  as 
the  main  vehicle  for  transport  of  the  decomposition  products.  It 
can  not  even  dissolve  the  iron-oxide,  except  in  the  ferrous  con- 
dition ;  soluble  humus-substances,  it  may  be  in  the  simplest  forms, 
ordinarily  called  "amorphous,"  must  serve  for  the  previous  de- 
oxidation  of  ferrous  silicates ;  this  very  process  is  synonymous 
with  the  oxidation  of  the  organic  matter  to  the  more  complex 
forms,  which  are  the  acids  mainly  under  discussion,  and  still  exert 
strong  reducing  power  ;  and  finally,  these  acids  possess  far  greater 
eflUciency  for  corrosive  attack  than  carbon  dioxide,  in  their  far 
greater  solvency  of  all  the  iron-oxides  and  other  bases,  as  well  as 
of  the  silica  therewith  associated. 

Messrs.  W.  B.  and  R.  E.  Rogers  have  shown  (Am.  J.  Sci., 
1848,  (2),  V,  401),  in  a  brief  statement  of  their  experiments  on  a 
series  of  about  thirty-six  minerals  and  rocks,  that  carbonated  or 
even  simple  water  exerts  an  appreciable  effect  in  their  decomposi- 
tion ;  and  that,  with  the  magnesian  and  calcareo-magnesian  silic^es, 
e,  g.y  hornblende,  chlorite,  etc.,  an  amount  of  0.4  to  1  per  cent, 
may  pass  into  solution,  by  prolonged  digestion  in  carbonated 
water.  On  these  grounds  the  natural  solutions  of  "  carbonic  acid, 
water,  and  free  ox3'gen,"  have  been  the  agents  invoked  by  Ebel- 
men,  Detmer,^^^  Boussingault,*^^  Pumpelly,  and  most  authors,  to 
account  for  the  forms  of  enormous  chemical  erosion,  just  described. 
However,  the  more  definite  experiments  of  Beyer  ^®^  have  an  im- 
portant significance,  in  opposition  to  this  conclusion.  On  treating 
one  kilogramme  of  finely-ground  feldspar  with  two  and  one-half 

»»»  Loc.  cU.,  897. 

»•*  Dr.  A.  Beyer,  Die  Landw.  Vers.  Stot.,  1871,  XTV,  314r822. 
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litres  of  water  and  of  various  saline  solutions,  during  about 
twenty-nine  months,  he  obtained  results  of  which  it  is  sufficient 
here  to  quote  the  extremes.  The  amount,  in  grammes,  of  the 
constituents  of  the  feldspar  found  dissolved  in  each  solution,  was 
as  follows :  — 

Distilled    water    0.29,  solution  of  gypsum  4.92, 

aerated     water     0.19,   solution  of   magnesia  ^ 
carbonated  water  0.39,  and  carbon  dioxide       )     '     ' 

He  therefore  concludes  that  carbon  dioxide  and  aerated  water  have 
exerted,  during  this  period  of  the  experiment,  no  essential  effect. 

The  conditions  of  the  process  of  subterranean  decomposition  of 
rocks,  by  the  humus-acids,  now  in  progress,  therefore  appear  to  be 
intermittent,  and  to  depend  upon  the  character  and  thickness  of 
the  superincumbent  layer  of  soil :  upon  the  climate  and  season  of 
the  year,  as  determining  the  amount  of  rainfall,  the  temperature 
of  the  soil  and  of  the  meteoric  solutions,  and  the  nature  and  extent 
of  the  protess  of  eremacausis  in  the  humus :  and  upon  the  abun- 
dance, width,  slope,  extent,  amount  of  obstruction,  freedom  of 
drainage,  and  duration  of  dryness,  in  the  capillary  fissures,  pores, 
or  wider  cavities  in  the  subjacent  mass  of  rock. 

§  48.  Three  zones. — In  the  ordinary  conditions  of  those  strata, 
under  our  observation,  which  are  felevated  above  the  sea-level  and 
freely  drained,  three  vertical  zones  of  chemical  action,  produced 
largely  through  these  acids,  may  be  distinguished. 

The  highest  zone,  next  to  the  surface,  is  constantly  subjected 
to  the  action  of  all  the  acids  of  humus,  as  well  as  atmospheric 
waters ;  and  in  this  the  most  extensive  and  continuous  process  of 
corrosion  and  solution  is  going  on.  It  is  probable  that  its  depth 
in  our  climate,  during  the  summer,  rarely  exceeds  ten  to  twenty 
feet,  but  must  be  actually  very  variable,  ranging  from  a  few  inches, 
during  excessive  droughts,  to  at  least  hundreds  of  feet,  during 
long  continued  rains.  And  with  the  heavy  rains  of  autumn,  the 
continuous  saturation  of  the  subterranean  strata  during  the  winter, 
and  the  thawing  of  snows,  the  floods,  and  the  frequent  showers  of 
spring,  a  large  part  of  the  soluble  matters  of  humus  must  be 
leached  out  of  the  soil,  to  find  its  way  in  part  and  to  extend  the 
process  of  corrosion  of  the  rock  and  transport  of  its  soluble  con- 
stituents to  still  more  profound  depths. 

Next  below  comes  a  median  zone,  into  which,  during  an  ordinary 
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sammer  season,  the  more  complex  oi^anic  acids  can  rarely  pene- 
trate and  in  rery  minute  quantities.  As  they  infiltrate  downward 
after  a  rain,  the  oozing  solution  of  organic  salts  of  iron,  manga- 
nese, etc.,  becomes  more  and  more  mixed  and  saturated  with  the 
air  which  occupies  the  pores  and  fissures  of  the  rock ;  the  more 
complex  humus-acids  become  oxidized  to  simpler  forms ;  all  the 
silica  and  the  larger  portion  of  the  iron,  manganese,  and  other 
bases,  are  deposited  ;  most  of  the  ammonia  is  evolved,  locked  up 
in  clays,  or  returned  to  the  surface  ;  and  a  portion  of  the  iron  con- 
tinues on  its  downward  way  as  ferrous  carbonate,  in  company  with 
the  more  soluble  carbonates  of  lime,  magnesia,  and  the  alkalies. 
The  limits  of  tills  zone,  as  just  explained,  are  trenched  upon  or 
complete!}'  included  by  the  upper,  through  the  downward  moving 
floods  after  the  heavy  rains  of  summer  and  in  the  course  of  the 
rainy  season.  It  is  only  during  the  latter  that  the  corrosive  action 
can  exert  much  influence ;  and  during  other  and  ordinary  seasons 
this  zone  must  be  chiefly  the  highway  of  transport  of  the  products 
of  decomposition  of  the  superficial  strata,  of  their  frequent  oxida- 
tion and  deposit,  and  of  their  repeated  though  intermittent  re-solu- 
tion, in  the  simplest  forms,  and  conveyance  to  a  horizon  still  more 
profound. 

In  the  lowest  zone  of  all,  the  process  of  corrosion  must  be  ex- 
ceedingly slow  and  intermittent,  and  merging  gradually  into  the 
metamorphic  processes  developed  by  the  increasing  subterranean 
temperature.  Only  the  carbonates  of  the  bases  are  brought  down 
in  solution,  especially  those  of  the  alkalies,  and  take  their  impor- 
tant part  in  the  process  of  metamorphic  alteration ;  while  the 
more  complex  acids  of  humus  rarely  penetrate  to  so  great  a  depth, 
and  have  there  merely  an  ephemeral  action  and  duration. 

XV.    Action  within  Veins. 

§  49.  Formation  of  Gossan. — The  depressions  of  the  surface  of 
the  ground,  along  the  course  of  a  vein  or  elevated  bed  of  soft  or 
erodable  ore,  have  generally  invited  the  gathering  of  surface 
waters,  the  formation  of  swamps,  rich  in  humus,  and  the  conse- 
quent concentration  of  solutions  of  its  acids.  The  steep  inclina- 
tions of  the  crevices,  especially  along  the  planes  of  contact  with 
the  strata  traversed,  have  allowed  the^e  solutions  to  penetrate  to 
enoimous  depths.    The  gossan,  whose  formation  as  a  cap  to  the 
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vein  must  be  largely  due  to  these  erosive  agents,  does  not  exceed 
fifty  or  sixty  feet  in  depth  according  to  the  books,  but  apparently 
reaches  at  least  200  to  300  feet  in  many  of  the  Western  mines, 
sunken  on  well-drained  fissure-veins;  and  the  ochreous  selvage 
along  the  walls,  and  scattered  films  and  bunches  along  the  more 
continuous  and  dry  fissures,  certainly  reach  to  a  still  greater 
depth,  €.  g,y  1500  feet  in  the  Eureka  mine,  in  northern  Nevada.^^^ 
The  material  of  the  gossan  has  certainly  been  the  seat  of  a  most 
complex  series  of  chemical  reactions,  perhaps  unsurpassed  elsewhere 
in  nature ;  and  in  these  tl^  acids  of  humus  have  played  a  very  . 
important  part.  This  seems  to  be  indicated  by  the  remarkable 
decomposition  and  softening  of  the  wall-rock  and  of  refractory 
sulphides,  the  deposition  of  limonite  and  hyalite,  the  evidences 
of  strong  reduction,  as  well  as  intermittent  oxidation,  the  separa- 
tion of  the  native  metals  (copper^  silver,  gold,  etc.)  in  forms  which 
must  have  required  a  strong  reducing  agent  and  solvent,  ^e  abund- 
ance of  carbonates  and  even  of  combinations  of  other  humus-acids 
with  oxide  of  iron,  etc.  The  enclosure  of  brown  iron-ore  in  gold 
nuggets,  the  intimate  and  almost  universal  intermixture  of  the 
brown  limonite  with  minute  shot  gold,  at  depths  of  even  100  feet 
in  mines  of  North  Carolina,  as  well  as  the  abundant  association  of 
gold  with  the  ferruginous  conglomerate  (Jacotiuga)  of  Brazil, 
etc.,  seem  to  indicate  a  different  agency,  perhaps  of  solution,  than 
that  of  the  inorganic  mineral  solutions  which  usually  also  traverse 
veins  and  beds. 

Although  the  deep*  gossan,  heavy  limonitic  deposits ^  and  still 
deeper  decomposition,  which  are  connected  with  the  veins  of  me- 
tallic sulphides,  chloride,  tellurides,  etc.,  in  the  arid  and  barren 
plateaus  of  Nevada,  Colorado,  Arizona,  etc.,  have  been  naturally 
referred  to  by  Dr.  Newberry  as  affected  by  a  "dry  rot,"  I  believe 
that  the  chemical  action  and  products,  there  represented,  afford 
indubitable  evidence  of  the  existence  of  abundant  moisture  and 
vegetation,  and  of  an  extensive  humus-layer,  during  some  antece- 
dent period.  This  seems  to  be  confiimed  by  the  close  parallel 
exhibited  upon  the  South  American  continent,  where  the  enormous 
superficial  sheets  of  limonite,  shot-ore,  and  even  the  ferruginous 
Tertiary  sandstones,  of  Brazil,  now  underlying  dry  plateaus,  al- 
most destitute  of  vegetation,  have  been  certainly  derived,  according 
to  such  observers  as  L.  Aga'ssiz,  Hartt,  and  Dr.  R.  P.  Stevens  of 

"»  Dr.  J.  S.  Newberry,  before  N.  Y.  Acad.  Sci.,  1880. 
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New  York,  from  the  decomposition  of  thick  strata  of  the  crystal- 
line rocks,  and  concentration  of  their  iron-oxide,  by  organic  acids, 
etc.,  washed  down  from  an  ancient  humus-layer  of  the  then  forest- 
clad  uplands. 

§50.  Relationship  of  ores, —  Bischof  has  called  special  atten- 
tion^^^  to  the  intimate  •connection  prevailing  in  nature  between 
gold  and  iron  (the  latter  either  as  sulphide  or  oxide),  and  also 
between  quartz  and  gold ;  it  is  a  suggestive  fact  that  the  strongest 
solvents  in  nature  of  these  associates  of  gold,  iron-oxide  and 
silica,  are  the  humus-acids.  The  precipitation  of  gold  and  of  au- 
riferous pyrites  in  many  "  placer "  and  vein  deposits,  within  the 
interstices  of  lignite,  in  diffusion  through  clays,  ochreous  gossan, 
etc.,  indicates  the  reducing  efficiency  of  "organic  matter "^^^  in 
its  most  soluble  and  probably  therefore,  in  part,  its  acid  forms,  in 
a  most  important  class  of  deposits.  The  formation  of  the  dia- 
mond, and  similar  problems,  may  yet  receive  light  from  a  better 
knowledge  of  these  organic  acids  and  of  their  solutions  occurring 
in  nature.  When  the  significant  association  of  this  mineral  with 
limonite^  in  the  Urals,  and  in  the  ferruginous  conglomerate  of 
Minas  Geraes  in  Brazil,  is  considered  with  reference  to  one  of  the 
common  theories  of  its  origin,  that  of  Bischof,  'Hhe  reciprocal 
action  of  peroxide  of  iron  and  decaying  organic  matter," ^^^  the 
facts  suggest  at  once  the  possible  intervention  of  some  of  the  or- 
gaijic  acids  and  iron-salts  already  considered. 

Numerous  examples  of  the  deposition  of  metallic  sulphides  and 
of  native  metals  by  "organic  material"  are  on  record,  which 
partly  pertain  to  the  action  of  the  organic  acids. 

Senft  finds  by  experiment,^^  that  thft>ugh  the  action  of  the 
humus  solutions,  silver-chloride  becomes  soluble,  that  the  zeolites 
and  simple  feldspars  dissolve  more  or  less,  and  that  even  com- 
pound silicates  (e.  p.,  oligoclase,  mica,  ordinary  hornblende,  and 
augite)  are  at  least  partly  decomposed.  His  later  experiments^® 
have  shown  him  a  great  difference  in  the  solvent  power  of  the 
agencies  —  the  ammoniacal  and  other  alkaline  combinations  of  the 
humus-acids  —  which  he  believes  most  efficient  in  the  decomposi- 

»••  Op.  cU.,  in,  634. 

»WC.  Newberry,  Am.  Jour.  Min.,  1868,  Sept.  12;  B.  W.  Raymond,  Mining  Bee.  W.  of 
Rocky  Mt8.,  1870,  449;  A.  Murray,  uim,  1871,  508. 
"8  Op.  cU.,  1,  250-1. 

i»»  Zeits.  D.  geol.  Qesells.,  1871,  XXIII,  665. 
«««  Loc.  cit.y  1874,  XXVI,  954. 
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tion,  alteration,  and  transport  of  mineral  substances.  This  power 
is  least  in  the  ulmates,  which  can  dissolve  only  carbonates :  it  is 
stronger  in  the  hnmates,  which  dissolve  both  carbonates  and  phos- 
phates:  and  it  is  strongest  in  the  crenates,  especially  that  of 
ammonia,  which  dissolve  carbonates,  phosphates,  sulphates,  simple 
silicates,  and  fluorides.  The  salts  thus  dissolved  remain  in  solu- 
tion onl}'  in  inverse  proportion  to  the  degree  of  their  subsequent 
conversion  into  carbonates:  the  latter  separating,  in  crystalline 
condition,  in  proportion  to  their  insolubility  in  carbonated  waters. 
The  arsenides  of  nickel,  of  cobalt,  and  of  iron,  and  the  sulphides 
of  iron  and  of  lead,  reduce  salts  of  the  heavy  metals  in  solution 
in  humus-acids,  and  deposit  the  metals  of  the  latter  in  close  con- 
tact, by  a  process  attended  with  galvanic  action.  These  observa- 
tions throw  light  upon  the  formation  of  certain  minerals  in  veins, 
and  the  occurrence  of  pure  native  metals  in  close  envelopment 
about  the  arsenides  and  sulphides  above  mentioned. 

When  the  walls  of  a  vein  are  composed  of  a  very  soluble  mate- 
rial, like  the  limestone-strata  which  enclose  the  ore-deposits  of 
Illinois,  Wisconsin  and  Missouri,  the  peculiar  erosion  of  the  walls 
into  '*  chimneys,"  etc.,  and  the  enormous  quantity  of  limonitic 
ochre  which  tills  up  the  interstices  of  the  breccia  as  a  cement, 
seem  to  indicate  the  influence  of  stronger  agents  besides  aerated 
and  carbonated  waters.  The  conversion  of  chalcopyrite  into  mala- 
chite, azurite,  etc.,  of  sphalerite  into  smithsonite,  and  of  galenite 
into  cerussite  and  anglesite,  imply  strong  chemical  action  ;  and 
it  has  been  suggested  that  **  smithsonite  may  even  now  be  forming 
in  the  ground  to  quite  a  large  extent."20i  The  known  solubility 
of  the  lead  sulphate  and  carbonate  in  solutions  of  citric  and  other 
organic  acids  adds  to  the  probability  of  the  natural  agency  of  the 
latter  in  such  veins.  The  concentration  of  certain  ores,  especially 
limonite,  often  auriferous,  as  a  solid  cap  (eisenhut)  to  a  vein  just 
below  the  gossan,  or  as  a  cement  to  a  breccia  made  up  of  frag- 
ments of  the  walls,  is  a  further  consequence  of  the  superficial 
chemical  changes  which  have  been  caused  or  assisted  by  organic 
acids.  The  contact-deposits,  which  in  P^urope  are  often  of  great 
economic  importance,  also  represent  such  a  concentration,  e.  ^.,  the 
iron-ores  of  the  Northern  Banat.^"^    These  consist  of  ferruginous 

»>  M.  strong,  Geol.  of  Wis..  1877, 11,691. 
«oa  Von  Cotta,  op.  cU.,  284. 

A.  A.  A.  8..  VOL.  XXVm.  25 


Digitized  by  VjOOQ IC 


886  GEOLOGICAL   ACTION   OP  THE   HUMUS   ACIDS; 

clay,  containing  nodular  masses  of  limonite  and  hematite,  inserted 
between  mica-scliist  and  curiously  eroded  limestone,  and  in  part 
of  a  limestone-breccia  cemented  by  iron-ore  and  calcite. 

In  his  discussion  of  the  succession  of  minerals  in  lodes,  founded 
on  the  simple  action  of  carbon  dioxide  and  water,  Bischof*^ 
resorts  to  the  influence  of  ''organic  matter"  merely  for  the  occa- 
sional reduction  of  ferric  oxide,  and  yet  confesses  his  perplexity 
in  regard  to  the  full  explanation  of  the  relationship  of  the  modes 
of  solution  and  transfer  of  silica  and  iron-oxide.  But  the  con- 
sideration of  the  humic  group  of  acids,  as  strong  solvents  of 
silica,  appears  to  present  the  missing  clew,  both  to  the  solution  of 
silica /rom  quartz^  as  well  as  from  decomposed  silicates  in  the 
rock,  and  to  its  frequent  immediate  deposition  as  the  first  layer  of 
a  lode ;  or,  when  air  was  present,  to  the  oxidation  of  the  ferrous 
oxide,  which  was  after  a  time  abundantly  combined  and  conveyed 
in  the  same  solvent,  and  the  deposition  of  ferric  oxide  as  the  first 
layer,  and  the  subsequent  precipitation  of  silica  as  the  second 
layer,  on  account  of  the  further  oxidation  and  dissociation  of  the 
constituents  of  the  organic  solvent. 

XVI.     Action  on  Guano  deposits. 

§51.  Presence  of  humus-acids. —  A  conspicuous  instance  of 
chemical  changes,  due  to  the  organic  acids,  is  presented  in  the 
sub-aerial  accumulations  and  vein-deposits  of  phosphatic  guano, 
and  in  the  underlying  beds  of  coral-limestone,  especially  in  regions 
with  heavy  rainfall.  Baker's,  Jarvis,  Rowland's,  and  other  islands 
in  the  Pacific,  St.  Paul's  and  Ascension  in  the  South  Atlantic,  and 
Monk's,  Aves,  Navassa,  Swan,  and  Sombrero  in  the  Caribbean  Sea, 
have  afforded  interesting  examples  of  these  phenomena.  My  ob- 
servations on  the  guano-deposit  of  the  last-named  island  are  yet 
to  be  published,  but  the  following  conclusions  are  pertinent  here. 
A  rich  growth  of  vegetation,  and  sometimes  even  of  forest,  has 
generally  clothed  the  surface  of  the  loose  arenaceous  dei)osit ;  and 
even  where  this  growth  has  since  completely  disappeared,  the  mass 
of  the  rock-guano  is  thoroughly  permeated  by  innumerable  minute 
tubular  holes,  produced  by  the  decay  of  the  rootlets.  The  decompo- 
sition of  the  abundant  organic  matter,  both  vegetable  and  animal, 
has  yielded  a  continuous  supply  of  organic  acids,  in  addition  to 

2M  Op.  cii.,  Ill,  543. 
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ammoniacal  and  alkaline  salts,  etc.  These  have  eflTected  extensive 
chemical  and  ph^^sical  changes  within  the  deposits,  and  often  upon 
the  material  of  the  underlying  stratum  which  constituted  the  island. 
The  chief  agency  of  the  more  complex  organic  acids,  such  as 
humic,  crenic,  etc.,  in  these  interesting  changes,  is  shown  by  the 
following  facts  :  that  they  only  of  the  solvents  present  can  dissolve 
some  of  the  phosphates  (e.  gr.,  those  of  alumina  and  manganese), 
which  enter  largely  into  the  composition  of  the  guano :  that  the 
height  of  the  mean  annual  temperature  diminishes  largely  (by 
about  a  third)  the  content  and  solvent  power  of  carbon  dioxide  in 
atmospheric  waters  usually  obtaining  in  temperate  climates ;  and 
that  such  acids  as  humic,  crenic,  etc.,  have  been  often  distinguished 
in  analyses  of  these  guanos. 

§  52.  General  results. —  The  following  are  some  of  the  principal 
effects  which  have  been  produced,  mainly  by  the  substances  of  acid 
nature  dissolved  in  the  meteoric  waters :  the  concretionary  aggre- 
gation of  the  amorphous  materials,  to  which  the  deposits  have 
oweil  their  origin,  both  in  the  oolitic  grains  which  constitute  the 
superficial  layers  and  pockets  of  the  guano,  and  in  the  large  and 
often  huge  concretions  which  are  abundantly  scattered  throughout : 
the  solution  of  phosphates  of  lime  and  their  deposit  in  stalactitic 
forms  in  subterranean  cavities ;  the  solution  and  conveyance  else- 
where of  calcium-carbonate,  commonly  accompanied  by  a  substi- 
tution of  calcium-orthophosphate  in  its  place,  in  fragments  of 
corals,  etc.,  enclosed  in  the  deposit :  and  in  the  erosion  of  fissures 
in  the  underlying  rock,  especially  when  calcareous,  and  their 
contemporaneous  occupation  by  phosphates,  especially  of  calcium, 
earned  down  from  above. 


XVI  r.     Influence  upon  Minerals. 

§53.  Common  alteration, —  All  crystallized  minerals  in  the 
superficial  strata,  both  in  the  rock  matrix,  and  lining  geodes  and 
veins,  exhibit  evidences  that  they  have  rarely  escaped  the  influence 
in  some  degree  of  the  action  of  organic  acids.  Often  the  loss  of 
lustre  on  surfaces  and  cleavage  planes,  the  stains  and  films  of  iron- 
ore  and  manganese-oxide,  and  even  pitted  surfaces  and  cellular 
material,  decayed  as  by  a  kind  of  caries,  reveal  the  action  of  such 
solvents.  But  even  when  the  incipient  alteration  has  not  pro- 
gressed so  far,  there  may  be  chemical  evidences,  such  as  the  gases 
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of  einp3'reumatic  odor  evolved  and  the  darkening  of  color  pro- 
duced, on  heating  a  fragment,  e.  g.,  in  hyalite  and  in  many  forms  of 
hydrated  ferric  oxide.  The  fetid  varieties  of  calcite,  orthoclase, 
quartz,  etc.,  always  of  superficial  occurrence,  seem  to  indicate  the 
formation  of  a  sulphide  and  impregnation  with  organic  matter, 
both  perhaps  produced  by  acids  derived  from  the  overlying  soil. 

Several  minerals  appear  to  owe  their  very  origin  and  existence, 
sometimes  exclusively,  to  the  action  of  the  humus-acids.  A  few 
examples  may  be  briefly  considered. 

^54.  LimonUe. —  The  economic  importance  of  this  product 
has  caused  the  observation  and  record  of  an  abundance  of  well- 
known  facts.  Its  concentration  in  low  grounds  is  commonly  at- 
tributed to  the  leaching  effect  of  organic  acids  upon  ferruginous 
sands,  etc.,  e.  gr.,  among  the  dunes  of  Denmark,^^^  near  the  rivers 
of  Central  Europe  and  in  its  northern  lakes,^®^  etc.  The  general 
phenomena  have  been  carefully  discussed  by  Hunt^®^  and  LeConte, 
and  Dana  has  recognized  the  fact  that  the  main  solvents  have  been 
organic  acids  other  than  carbon  dioxide.^^^  Some  particulars 
have  been  already  given  in  regard  to  the  class  of  limonite-de- 
posits  which  have  this  organic  origin,  but  the  full  discussion  of  my 
obser\'ations  on  this  subject  is  for  the  present  deferred.  The  large 
content  of  iron-ore  deposits  in  organic  matters  has  established  this 
theory  of  their  origin  beyond  question.  The  following  are  among 
the  most  significant  examples :  humic  acid,  in  the  limnite  (bog 
ore)  of  Novgorod,  Russia,^®**  and  of  New  York,^^^  in  the  limonite 
of  Westerwald,^!®  and  of  Braunschweig  ^^^  (12.5-14  per  cent.): 
apocrenic  acid  (2.21  per  cent.),  crenic,  and  other  acids  (amounting 
in  all  to  15.01  per  cent.)  in  an  iron-ochre  of  St.  Anne,  Mont- 
morenci,  Canada  i^*^  crenic  acid  in  a  bog-ore  of  Smaland,^^^  ^^^ 
ammonium  crenate  (4  per  cent,),  in  an  oolitic  red  iron-stone  of 
Belgium  :^^^  oxycrenic  acid  (1-2.5  per  cent.),  in  a  limnite  (bog- 

«o*  Roth,  op,  cU.y  h  697. 

«>»  Blschof,  op.  cU.,  1, 170. 

««•  Essays,  13, 22,  etc. :  also  Rep.  Geol.  Canada,  1863, 611. 

«"Man.  of  Geol.,  1863,  361. 

«o«  R.  Hermann,  Erd.  Jour.  pr.  Ch.,  1842,  XXVII,  63. 

»«»  Karaten,  Karst.  Arch.,  XV,  1. 

*>«  Ullraann,  Ueb..  18U,  3U. 

tu  Wiegmann,  Pr^i&chr.  Torfes,  1837,  75,  76. 

«"  T.  8.  Hunt,  Rep.  Geol.  Can.,  1863,  613. 

«»» Gmelin,  Handbook  Chemistiy,  XVII,  466. 

«"T.  L.  Phipson,  Compt.  rend.,  1861,  Lll,  976. 
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ore),  of  Novgorod,  Russia,^^*  etc.  It  is  stated  of  the  lake-ores 
of  Sweden  that  they  are  "always  deposited  rather  toward  their 
banks  than  in  the  middle" :  indicating  the  almost  immediate  pre- 
cipitation of  the  iron-oxide,  on  its  introduction  b}'^  drainage- waters 
from  the  neighboring  hillsides,  in  the  shallow  and  aerated  waters, 
and  in  the  black  vegetable  mud,  along  the  shores. 

The  formation  of  limonite-ores  is  so  strongly  related  to  organic 
matters  that.it  has  long  since  been  established  by  Logan,  Hunt, 
etc.,  that  the  existence  of  deposits  of  iron-oxide  of  any  kind  may 
be  taken  as  highly  probable  evidence  of  contemporaneous  organic 
life.  It  has  been  further  shown  ^*®  that  the  amount  of  iron-oxide 
in  recent  sediments  must  be  considerably  decreased  by  that  locked 
up  in  fossil  deposits  of  ore :  and,  on  the  other  hand,  that  the  con- 
ditions for  the  accumulation  of  carbonaceous  sediments  are  for  the 
same  reason  more  favorable  in  the  more  recent  geological  periods. 

But  another  class  of  these  ores  of  common  occurrence  has  re- 
sulted from  the  re- working  up  and  alteration  of  masses  of  the 
various  other  iron-ores  back  into  their  original  form  of  limonite. 

H.  D.  Rogers  has  made  particular  study^*?  of  interesting  exam- 
ples of  this  kind.  A  magnetitic  slate  of  his  Primal  series  was 
observed  to  be  crossed  by  cleavage-flssures  at  right  angles  to  the 
stratification,  filled  with  limonite,  which  he  says  has  been  produced 
"  by  the  copious  admission  of  the  surface  waters  and  atmosphere 
into  the  body  of  the  rock."  In  limonite-beds  at  various  horizons, 
including  the  fossil iferous  ore  of  the  Surgent  series,  he  attributes 
the  origin  of  the  hydrated  ferric  oxide  to  recent  concentration  in 
two  ways:  first,  the  decomposition  of  pyrite,  the  infiltration  of 
waters  impregnated  with  salts  of  iron,  especially  the  sulphate,  and 
final  precipitation,  as  per-oxide,  in  contact  with  calcium-carbon- 
ate :  secondly,  and  principally  in  the  Surgent  series,  in  beds  of 
mingled  ferruginous  and  calcareous  materials,  "the  removal  by  in- 
filtrating water  of  a  part  or  all  of  the  soluble  portion  of  the  ore, 
chiefiy  its  carbonate  of  lime,  both  diffused  and  in  the  shape  of  in- 
numerable organic  remains."  Many  analogies  render  it  probable, 
that,  in  both  processes,  the  solvent  action  of  organic  acids  has 
been  largely  concerned. 

The  conversion  of  siderite  into  limonite  is  a  common  mode  of 
genesis,  in  this  connection,  and  one  in  which  the  organic  acids 

3**  Hermann,  idem. 

*>«Hunt,  Essays,  229. 

«"  Geol.  of  Pa..  1888.  II,  Part  II.  718  to  788. 
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may  be  presumed  to  act  as  indispensable  solvents,  previous  to  the 
further  oxidation  of  the  ferrous  carbonate.  Many  instances  occur 
in  this  country  in  Massachusetts,  Pennsylvania,  etc.,  and  abroad, 
in  Bavaria,  Transylvania,  etc. 

§  55.  Finite, — There  is  a  class  of  minerals  of  secondaiy  and 
often  pseudo-morphous  character,  e.  g,^  the  pinites,  which  consist 
of  insoluble  aluminous  residues,  resulting  from  the  removal  of 
soluble  bases,  such  as  iron,  lime,  the  alkalies,  etc.,  from  such  min- 
erals as  the  feldspars,  hornblendes,  etc.  In  at  least  one  such  case, 
the  killinite  of  Chesterfield,  Mass.,  as  I  have  recently  shown, *^® 
the  solvent  of  the  lithia  from  the  parent  spodumene  has  been 
an  organic  medium,  probably  a  mixture  of  sodium  and  potassium 
azo-humates,  which  has  penetrated  into  the  granyte-veins  of  that 
region  to  the  depth  of  at  least  fifteen  or  twenty  feet,  produced  this 
interchange  of  soluble  bases  represented  by  the  pinite,  and  left  a 
notable  content  of  nitrogenous  matter  in  this  and  its  associate<l 
minerals. 

§  56.  Sundry  minerals, — Attention  has  also  been  called  by  Dr. 
Bolton^*^  to  other  minerals,  whose  incijUent  alteration  or  very 
formation  may  be  referred  to  the  acids  of  humus. 

The  green  coloration  of  Amazon-stone  from  Pike's  Peak, 
Colorado.aao 

The  ferrous  salt  with  organic  acid  diffused  through  cryptocallite 
(Dr.  G.  E.  Moore). 

The  organic  substance,  containing  nitrogen  and  carbon,  which 
produces  the  color  of  smoky  quartz. ^^ 

WhewelUte,  calcium  oxalate  (2  Ca  0  +  2  C^  03-f2  aq.),  oc- 
curnng  in  small  cr^^stals  on  calcite  (Brooke). 

Thiersckite^^^^  another  calcium-oxalate,  forming  a  "grayish 
warty,  and  somewhat  opaline  incrustation  "  on  the  columns  of  the 
Parthenon  at  Athens.  Its  origin  is  attributed  to  the  action  of 
lichens  on  the  marble. 

Humboldtine  (2  Fe  0  +  2  C^  0^  +  3  aq.,)  hydrous  ferrous  oxa- 
late, forming  an  incrustation  upon  brown  coal  in  Europe,  and,  in 
this  country,  upon  bituminous  pyritiferous  schists,  on  Lake  Huron. 
In  the  latter  case,  however,  the  oxalic  acid  may  owe  its  origin  to 

«"  Ann.  N.  Y.  Acad.  Sci.,  1879, 1,  340. 

"•  Ann.  N.  Y.  Acad.  Sol.,  1877, 1,  34. 

««G.  A.  Koenig,  Pioc.  Acad.  Nat.  Scl..  Phlla.,  1876, 155. 

«»  A.  ForBter,  Pogg.  Ann.,  1871,  CXLIII,  173, 193. 

"»Liebig,  Ann.  Chem.  Phar.,  1853,  LXXXVI,  113. 
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the  action  of  sulphuric  acid,  derived  from  the  pyrite,  on  carbona- 
ceous material. 

Mellite  (Al  +  C^^  0*+  18  aq.),  or  hydrous  aluminum  mellitate, 
containing  over  40  per  cent,  of  the  organic  acid,  may  share  the 
same  origin.     It  occurs  in  Europe  on  brown  and  stone-coals. 

Pigotite  (4  A12  +  C«  ¥i>^  O^  +  27  aq.),a23  a  salt  of  alumina  and 
mudesous  acid,  occurs  as  a  brown  incrustation  upon  the  roof  and 
sides  of  caverns,  in  the  granitic  cliffs  on  the  east  and  west  coasts 
of  Cornwall,  England.  The  organic  acid  is  derived  from  the  decay 
of  various  plants  growing  on  the  moist  moorlands  above,  is  carried 
down  by  the  waters  into  the  fissures  of  the  granyte,  and  there 
combines  with  the  alumina  of  the  decomposed  feldspar,  and  is 
deposited.     It  has  also  been  found  at  Wicklow,  Ireland.^^ 

With  these  belong  also  the  peculiar  minerals  grouped  by  Dana^^ 
under  the  names  oxygenated  and  acid  hydrocarbons ,  found  in  peat- 
bogs and  in  brown  coal.  They  consist  of  the  ill-defined  bodies, 
Geocerite  {C^  U^  O^),  Geocerellite  {C^  U^  O^),  Brucknerellite 
(Ca^  H-M  08),  and  Mellanellite  (C^  H^®  O^^  (?),  supposed  to  con- 
tain  ulmic  acid),  found  in  brown  coal:  and  Butyrellite  (C^  H^ 
O^),  and  Dopplerite  (C®  H^^  O^?  cqptaining  acids  related  to  humic 
acid),  found  in  peat-bogs. 

In  addition  to  these  we  may  add  that  the  carbonates  (e.  g.j 
Teschemacherite,  Am^  0^  +  ^00^  + ^Q-)i  phosphates  (Stercorite, 
Struvite,  Brushite,  Metabrushite,  Ornithite,  Zeugite,  Kollophane, 
Vivianite),  and  nitrates  (Nitre,  Nitrocalcite,  etc.),  which  occur  in 
masses  of  organic  matter,  chiefly  of  animal  origin,  such  as  guano, 
the  deposits  in  bat-caves,  etc.,  here  take  their  place. 

Oibhsite^  the  aluminum  hydrate,  is  occasionally  associated,  as 
attached  crusts,  with  limonite,  and  must  in  those  cases  have  shared 
in  the  peculiar  mode  of  origin  of  the  latter  mineral. 

The  stalactitic  deposits  of  hydrous  aluminum-silicate,  found 
in  the  caverns  of  Upolu  in  the  Samoan  islands,  which  "  have  re- 
sulted from  the  decomposition  of  lavas  that  overlie  the  caverns 
by  percolating  waters,"^^  have  probably  found  their  solvents  in 
the  rich  soil  which  covers  the  surface. 


«»j.  F.  W.  Johnston,  L.  D.  and  E.  Philos.  Mag.,  1840,  (3),  XVU,  8^. 

"<  Apjohn,  Ch.  Gaz.,  1852,  878. 

^^^  Op.  cU.,  738,  747. 

«a*  J.  D.  Dana,  U.  8.  Expl.  Exp.,  Gool.,  1846, 323. 


Digitized  by  VjOOQ IC 


392  GEOLOGICAL  ACTION   OF   THE   HUMUS   ACIDS; 

XVIII.    Relationship  to  Amorphous  Silica. 

§  57.  Modes  of  formation. — The  genesis  of  amorphous  or  hyaline 
silica  in  nature  has  been  hitherto  attributed  to  four  agencies : 

1 .  Separation  by  the  life-force  out  of  solution  in  both  fresh  and 
marine  waters,  resulting  in  the  growth  of  organic  deposits,  chiefly 
the  diatomacese,  radiolarise  and  polycystineee.  Interesting  rela- 
tionships prevail  between  the  growth  of  these  organisms  and  that 
of  the  bog-ores. 

2.  Deposit  from  solution  in  thermal  waters.  This  mode  of  gene- 
sis has  been  carefully  studied  by  many  observers,  and  is  illustrated 
by  the  geyserite  and  siliceous  tufas  of  hot  springs  in  Iceland, 
France,  Colorado,  etc.,  and  by  the  veins  of  true  opal  produced  by 
subterranean  solutions. 

3.  Precipitation  by  acids  of  solutions  of  the  silicates.  This  is  a 
probable  source  of  two  forms  of  soluble  silica.  The  first  is  de- 
veloped in  soils  and  loose  deposits,  probably  in  the  form  of  zeo- 
lithic  silicates,  hydrated  or  otherwise,  and  easily  decomposable 
(S.  W.  Johnson,  How  Crops  Feed,  349  to  354 :  analyses  of  Hei- 
den,  Rautenberg,  and  Way).  Bolton  finds,  by  direct  experiment, 
that  the  zeolites,  prochlorite,  etc.  —  about  twenty  common  miner- 
als— are  decomposed  by  citric  acid  in  the  cold,  with  separation  of 
silica  (see  table  already  quoted).  The  second  consists  of  the 
amorphous  silica,  often  in  part  still  soluble,  which  serves  as  the 
cement  of  many  sandstones,  etc. 

An  investigation  recently  published^^  throws  light  on  the  bear- 
ing of  organic  acids  in  this  direction.  When  a  weak  solution  of 
oxalic  acid  is  gently  superposed  upon  a  solution  of  sodium-silicate, 
there  is  formed,  at  the  plane  of  contact,  a  siliceous  layer  possess- 
ing all  the  common  physical  properties  of  hyalite.  Hardness, 
greater  than  that  of  glass.  Sp.  gr.,  1.97 :  after  heating  at  30°-35®, 
with  loss  of  hygroscopic  water,  2.03-2.07.  Transparent;  after 
gentle  heating,  milky  in  color.  Chemical  composition  :  silica  87.9, 
combined  water  9.9,  soda  and  alumina  2.2  =  100.0.  The  author 
states,  "  b}'  means  of  the  superposition  of  liquids  of  difierent  den- 
sities I  believe  certain  mineral  species  can  be  reproduced ;  reac- 
tions can  be  thus  imitated  which  are  probably  in  progress  at  a  slight 
depth  below  the  surface  of  the  soil  and  at  a  low  temperature." 

««'  E.  Monier,  Compt.  rend.,  1877,  Ixxxv.  1053,  and  1878,  Ixxxvi,  1818. 
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In  addition  to  the  three  foregoing  modes  of  genesis,  hitherto 
accepted,  I  have  now  to  suggest : 

4.  Deposit  from  solution  in  organic  cunds^  especially  the  sillco- 
azo-humic,  derived  from  overlying  hamus  and  infiltrating  through 
subterranean  fissures.  The  hyaline  silica,  due  to  this  source,  has 
assumed  two  forms :  the  one,  hydrated,  hyalite,  as  a  kind  of  vetn- 
deposit,  in  crusts  upon  the  walls  of  fissures :  and  the  other,  but 
in  small  part  hydrated,  as  amorphous  masses  of  flint,  chert,  etc.  — 
within  the  body  of  limestone-strata. 

§  58.  Hyalite  crusts, — The  prevailing  opinion  in  regard  to  the 
distribution  of  a  mineral  in  nature  is  apt  to  be  influenced  by  the 
abundance  of  those  of  its  varieties  which  are  prized  and  searched 
after  by  miners,  mineralogical  collectors,  etc.  It  is  certain  that 
hyalite,  far  from  being  rare,  is  a  form  of  silica  of  exceedingly 
common  occurrence,  though  almost  always  in  small  and  incon- 
spicuous quantity.  A  few  instances  of  recent  observation  may  be 
mentioned.  From  beneath  the  great  overflow  of  diabasyte  along 
the  Hudson  river,  called  the  '*  Palisades,"  the  underlying  Triassic 
beds  project  at  many  points,  in  an  altered  condition,  and  have  been 
styled  "'  trappean  schists."  At  Weehawken,  N.  J.,  I  found  the 
surface  of  the  joints  in  this  rock  to  be  covered  with  hyalite  in  con- 
siderable abundance,  in  the  form  of  thin  crusts  and  rosettes. 
Color,  shades  of  brownish- white  to  colorless.  Sp.  gr.,  2.041,  in 
coarse  powder  and  distilled  water  at  67.5®  F.  Like  hydrophane, 
it  evolved  minute  bubbles  of  air  in  large  numbers,  on  immersion 
in  warm  distilled  water,  and  it  required  a  continued  immersion  of 
48  hours  to  expel  them  completel}'.  On  ignition,  it  lost  9.37  per 
cent,  of  water  and  organic  matter,  evolving  empyreumatic  and 
ammoniacal  odors. 

The  conditions  of  its  origin  are  simple.  The  surface  of  the 
talus  of  fallen  fi-agments,  at  the  base  of  the  dyke,  is  overspread, 
sometimes  quite  thickly,  with  a  layer  of  rich  black  humus,  which 
is  kept  moist  by  streams  trickling  down  from  and  through  the  ver- 
tical face  of  columnar  trap.  It  is  covered  by  a  dense  forest  with 
thick  shrubbery,  and  in  many  places  supports  a  luxuriant  growth  of 
ferns,  mosses,  etc.  The  organic  acids,  developed  in  this  rich 
forest-soil,  are  carried  down  among  the  fallen  fragments  of  trap ; 
and,  partly  by  the  decomposition  of  that  rock,  especially  of  its 
viridite  and  of  the  films  of  chlorite  which  coat  the  fissures,  and, 
it  may  be,  partly  by  that  of  the  schists  —  in  which  analyses  have 
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shown  a  cement  of  opal-silica  —  the  solution  becomes  saturated 
with  silica,  and  redeposits  it,  by  evaporation,  as  hyaline  crusts 
upon  the  walls  of  the  joints  below.  The  trace  of  organic  matter, 
which  imparts  the  color  of  the  mineral  and  its  odor  on  ignition, 
evidently  represents  a  portion  of  the  organic  solvent  matter  in- 
cluded in  the  gelatinous  deposit  during  its  desiccation.  Similar 
thin  crusts  upon  the  surface  of  the  trap,  possessing  a  snow-white 
color  and  beautiful  pearly  lustre,  have  been  obtained  in  the  vicinity 
by  Prof.  D.  S.  Martin  of  New  York,  and  it  is  probable  that  the 
mineral  abounds  along  the  whole  dyke. 

Again  in  many  of  the  mica-mines  of  North  Carolina,  similar 
occurrences  of  hyalite  have  been  observed  by  Dr.  H.  C.  Bolton 
and  myself.  At  Juggenheim's  mine,  on  the  North  Toe  river,  in 
Yancey  countjs  the  walls  of  the  joints  of  the  granyte-veins  were 
often  covered  with  hyalite,  in  thin  crusts  of  delicate  yellowish- 
green  color  (caused  by  a  small  proportion  of  ferrous  silicate), 
sometimes  associated  with  and  even  overlying  films  of  uranochre. 
A  spectroscopic  examination  disproved  the  supposition  that  the 
green  tinge  was  produced  by  uranium-oxide.  Sp.  gr.,  2.00. 
Minute  bubbles  of  air  were  expelled  in  great  numbers  on  immer- 
sion in  water,  with  increase  of  transparency.  Loss  by  ignition, 
8.35  per  cent.  It  decrepitated  slightly  in  a  matrass,  and  yielded 
an  empyreumatic  odor  and  vapors  that  turn  red  litmus  paper  blue, 
i.  6.,  are  ammoniacal.  At  the  Puzzle  mine,  in  Mitchell  county,  a 
hyalite  of  greenish-blue  color  occurred  in  similar  crusts.  At  both 
localities,  the  surface  of  the  ground,  above  the  quarry,  was  clothed 
with  an  almost  virgin  forest  and  heavy  undergrowth  of  rhododen- 
drons, springing  from  a  thick  layer  of  rich  black  humus. 

The  analyses  of  opal  and  hyalite  from  various  foreign  localities 
frequently  indicate  the  presence  of  nitrogenous  organic  matter 
and  of  ammonia.^^  Even  the  true  opal  of  Mexico  and  Hungaiy 
evolves  such  decided  empyreumatic  and  ammoniacal  odors,  on 
ignition,  that  Damour  ^^  ventured  to  ascribe  the  peculiar  reflections 
of  the  gem  to  the  p^-esence  of  carbonaceous  matters. 

§  69.  Formation  of  cherts  flinty  etc. — We  have  next  to  consider 
the  influence  of  organic  acids  in  the  concentration  of  hyaline  or 
amorphous  silica  within  the  mass  of  strata.     Bischof,^®  Hunt,^* 

"«  Rammelsberg,  Mm.  Chein.,  1875,  II,  IW.  Sec  also  Fournet,  on  "  Organico-mineral 
colouring  principles,"  Compt.  rend.,  1860, 1, 1175:  1880,  li,  39, 140. 

aa«  Ann.  Min.,  1840,  (8),  XVII,  207.       ««»  Op.  cU.,  II,  406,  etc.       «»  Essays,  89. 
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and  others  have  treated  of  the  separation  of  this  substance  from 
its  sohitiou  in  sedimentary  deposits,  as  crystallized  or  chaleedonic 
sands,  in  the  silicification  of  fossils,  in  beds  of  flint,  etc.  LeConte 
has  recently  suggested^^s  that  the  silicification  of  wooil,  and  per- 
haps the  cementation  of  gravel,  have  been  effected  in  California 
and  elsewhere  by  the  precipitation  of  silica  in  an  insoluble  form, 
through  the  neutralization  of  percolating  alkaline  solutions, 
charged  with  silica,  by  the  humic,  ulmic,  and  other  acids  of  or- 
ganic decomposition ;  the  same  process  may  very  probably  ac- 
count for  the  siliceous  cement  in  the  interstices  of  many  ancient 
sandstones,  etc.,  especially  if  formerly  rich  in  organic  remains. 
The  frequent  and  extensive  silicification  of  wood  in  Tertiary  de- 
posits may  have  been,  in  many  cases,  therefore,  connected  with 
solutions  of  humus-acids  during  its  decay,  as  well  as  with  its  rec- 
ognized subsequent  solution  and  re-deposition  by  thermal  waters. 
Silicified  trunks  have  been  often  observed  in  Colorado,^^  in  which 
the  material  is  found  to  be  carbonaceous  internally  and  at  the 
heart  passes  into  charcoal. 

Many  cherty  layers  probably  owe  their  origin  to  the  metamor- 
phism  of  ancient  infusorial  deposits,  and*  even  their  partial  trans- 
port, by  organic  solvents,  with  an  alteration  often  so  complete  as 
to  nearly  or  completely  obliterate  the  minute  organic  forms. 
Ehrenberg  thus  found^*  that  the  infusorial  beds,  near  Kolt  and 
Geistingen,  do  not  contain  any  empty  shells,  but  are  all  filled  with 
siliceous  substance;  the  tripoli  and  rottenstone,  largely  used  in 
the  arts,  consist  in  great  part  of  the  fnistules  of  Naviculee  and 
PinnulariflB ;  and  the  polishing-slate  of  Bilin  in  Bohemia,  and  es- 
pecially the  well-known  Turkey-stone,  ''seem  to  be  essentially 
composed  of  a  similar  aggregation  of  frustules  of  Naviculae,  etc., 
which  has  been  consolidated  by  heat."  ^* 

However,  the  origin  of  the  chert  and  flint-layers  which  so 
strongly  characterize  the  Carboniferous  and  Cretaceous  strata, 
as  well  as  many  of  Palaeozoic  age,^^^  seems  now  to  be  better 
explained  in  the  light  of  the  revelations  f^om  the  deep-sea  ooze, 
already  discussed,  and  of  the  approximate  identification  of  the 
long-sough t-for  solvents  of  silica.     The  almost  identical  conditions 

"*  Am.  J.  Sci.,  1880,  (3),  XIX,  181,  footnote;  EI.  of  Geol..  193. 
***  Letter  from  Capt.  E.  U.  Buffaer,  Fort  Leavenworth,  Kansas. 
"« Sitz.  d.  Berl.  Ak.  d.  Wiss.,  1846.  May. 
»»*  Carpenter,  The  Microscope,  1875, 336. 
"•  Dana,  op.  cU.y  877. 
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and  materials  which  have  been  proved  to  exist,  in  the  present  as  in 
the  ancient  Cretaceous  seas,  have  acquainted  us  with  all  the  steps 
in  the  process,  depending  upon  time :  from  the  recent  mixed  sedi- 
ments, which  contain  up  to  54.9  per  cent,  of  silica,  to  its  isolation 
in  the  flint-layers,  out  of  a  rock,  the  Chalk,  the  mass  of  whose 
material  still  retains  very  rarely  as  much  as  3  or  4  per  cent.^^  of 
silica,  usually  about  half  of  one  per  cent.,^^  and  this,  apparently, 
no  longer  remaining  in  organized  form.^*  The  process  has  been 
well  described  in  the  following  passage : 

"  In  the  chalk,  which  contains  not  a  trace  of  silica,  we  often 
find  the  moulds  and  outlines  of  organisms  which  we  know  to  have 
been  siliceous,  from  which  the  whole  of  the  silica  has  been  re- 
moved ;  and  I  have  more  than  once  seen  cases  in  which  a  portion 
of  the  delicate  tracery  of  a  siliceous  sponge  has  been  preserved 
entire  in  a  flint,  while  the  remainder  of  the  vase  which  projected 
beyond  the  outline  of  the  flint  appeared  in  the  chalk  as  a  trellis- 
work  of  spaces,  vacant,  or  loosely  filled  with  peroxide  or  carbon- 
ate of  iron. .  It  therefore  seems  certain  that  by  some  means  or 
other  the  organic  silica,  distributed  in  the  shape  of  sponge-spicules 
and  other  siliceous  organisms  in  the  chalk,  has  been  dissolved  or 
reduced  to  a  colloid  state,  and  accumulated  in  moulds  formed  bj 
the  shells  or  outer  walls  of  embedded  animals  of  various  classes. 
How  the  solution  of  the  silica  is  effected  we  do  not  know  precisely. 
Once  reduced  to  a  colloid  condition,  it  is  easy  enough  to  imagine 
that  it  may  be  sifted  from  the  water  by  a  process  of  endosmose, 
the  chalk-matrix  acting  as  a  porous  medium,  and  accumulated  in 
any  convenient  cavities."  ^^o 

The  means  and  mode  of  solution  of  silica,  concerning  which 
this  author  expresses  doubt,  in  the  passages  I  have  italicized,  can 
be  now  with  some  probability  referred  to  albuminoid  or  glairy 
matters,  and  acids  akin  to  the  azo-humic  of  Thenard,  produced 
during  submarine  decomposition  of  the  organic  matter  infiltrating 
into  and  disseminated  througlj  the  sediments.  To  this  solvent 
agency  may  be  also  attributed  the  concentration  of  perhaps  nearly 
all  deposits  of  amorphous  silica  as  chert,  hornstone,  etc.,  in  other 
calcareous  beds.     It  may  also  be  suspected  that  the  same  organic 

3*^  By  analyses  of  D.  Forbes,  1.10  per  cent,  in  white  chalk  of  Shoreham,  and  3.61  per 
cent,  in  the  grey  chalk  of  Folkestone,  Eng.  (Depths  of  the  sea,  514). 
"•E.  T.  Hardmann,  Geol.  Mag.,  1873,  X,  434. 
w  F.  KlUon,  Hardw.  Sci.  Goss.,  1878,  XIV,  277. 
3«o  Thomson,  Depths  of  the  Sea,  481. 


Digitized  by  VjOOQ IC 


BT   ALEXIS   A.   JULIEN.  397 

agency  may  have  been  concerned  in  the  formation  of  the  Gaize  of 
the  Ardennes,  a  siliceous  layer  upderlying  the  Cretaceous  strata 
and  sometimes  100  meters  in  thickness,  containing  from  29  to  47 
per  cent,  of  soluble  silica.^^^  If  its  origin,  like  that  of  the  flint, 
has  been  submarine  and  contemporaneous  with  the  deposition  of 
the  overlying  sediments,  we  may  conjecture  the  possible  existence 
of  a  similar  layer  at  a  certain  depth  below  the  ooze  of  the  present 
deep-sea  deposits. 

§60.  Other  theories, —  Renard,  however,  in  his  recent  excellent 
paper^^^  on  the  pthanites  (schistose  chert-layers),  in  the  Carbonif- 
erous limestone  of  Belgium,  though  he  recognizes  the  important 
fact  that  "  the  silicification  has  taken  place  before  the  formation 
of  the  joints  and  fissures,"  offers  the  provisional  theory  that  when 
"at  certain  intervals  the  waters  of  the  Carboniferous  sea  holding 
in  solution  a  solvent  of  the  limestone,  carbonic  acid  for  example, 
attacked  the  calcareous  matters,  silicic  acid  was  infiltrated  into 
the  calcareous  sediments  and  impregnated  them  in  proportion  as 
the3'  were  decomposed."  He  further  holds  that  the  details  of  the 
micro-structure  of  the  chert  "  prove  iilso  that  it  is  impossible  to 
admit,  in  order  to  explain  the  formation  of  the  pthanites,  as  has 
been  so  often  repeated  in  regard  to  flint,  that  these  rocks  are  de- 
rived from  the  accumulation  of  organisms  with  siliceous  envelopes." 
This  he  considers  proved,  both  by  the  very  exceptional  enclosure 
of  such  organisms,  for  example  in  flint,243  and  by  the  diflSculty 
of  accounting,  by  that  theory,  for  the  perfection  of  their  preserva- 
tion. He  therefore  concludes :  "  finally  we  add  that  our  pthanites 
present  no  analogy  with  the  deposits  of  microscopic  siliceous  or- 
ganisms pointed  out  by  Ehrenberg,  especially  in  Bohemia  and  in 
Sicily,  nor  with  the  siliceous  sediments  which  the  exploration  of 
.  the  deep  seas  has  shown  in  progress  of  formation  upon  the  bed  of 
the  ocean." 

A  somewhat  analogous  view  has  been  also  advanced  in  regard 
to  the  chert-beds  in  the  Upper  Carboniferous  limestones  of  Ire- 
land :^^^  that  at  the  close  of  the  period  of  the  latter,  *'  the  sea-bed 
was  elevated,  so  as  to  be  covered  by  the  waters  of  a  shallow  sea, 
exposed  to  the  sun's  rays,  and  of  a  warmer  temperature  than 

">  Compt.  rend.,  1870,  LXX.  581,  and  1871.  LXXfl.  767. 

a*«  Bull,  de  TAc.  roy.  de  Belif.,  1878,  (2),  XL VI,  Nos.  9  and  10. 

«"  J.  Wright,  Rep.  Brit.  Asboc  ,  187*,  95. 

«♦«  E.  Hull  and  E.  T.  Hardmann,  Proc.  Roy.  Soc,  1878,  XXVI,  163. 
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when  at  a  greater  depth  :"  that  the  waters  became  charged  with 
an  unusual  supply  of  silica,  derived  from  the  siliceous  rocks  of 
the  surrounding  lands  :  and  that  a  chemical  replacement  of  silica 
for  calcium-carbonate  took  place,  the  access  of  the  sea-waters 
being  facilitated  by  their  warmth,  b3'  the  porous  character  of 
the  limestone,  the  softness  of  the  ooze,  etc. 

But  the  conditions  required  by  the  latter  theory  must  then  have 
been  ver3^  common,  attending  the  formation  of  chert-beds  of  all 
ages ;  and  yet  no  such  saturation  of  sea-waters  by  silica  is  now 
known  to  occur.  Such  a  deposit  of  silica  would  have  developed 
transverse  veins  or  aggregations  of  a  crystalline  material ;  and  it 
could  hardly  have  produced  the  isolated  nodules  and  laj'ers,  amor- 
phous material,  and  concretionary  structure,  presented  in  chert 
and  flint. 

In  reply  to  Renard's  argument,  it  may  be  remarked  that  purely 
calcareous  beds,  undoubtedly  made  up  entirely  of  organic  mate- 
rial, often  present  similar  modes,  both  of  obliteration  and  of  the 
occasional  protection  and  perfect  preservation  of  certain  indivi- 
dual organisms ;   and  1  have  found,  after  the  microscopical   ex- 
amination of  very  many  thin  sections  of  flint  from  France  and 
England,  that  specimens  are  exceedingly  rare  in  which  no  traces 
of  organic  forms   may  be   detected,  while   those   are  very  com- 
mon in  which  the  material  is  thronged  by  such  forms,  in  various 
degrees  of  perfection.     We  may  also  expect  in  time  to  determine 
the  conditions  which  have  differentiated  the  deposition  of  colloid 
silica  in  the  Cretaceous  beds  as  flint,  and  in  other  limestones  as 
hornstoiie,  chert,  chalcedony,  jasper,  agate,  etc.     Numerous  ex- 
aminations of  these  last  amorphous  or  c rypto-cry stall ine  forms  of 
silica,  in  thin  sections,  by  polarized  light,  show  a  more  distinct 
granulation  than  that  of  flint,  often  fibro-radial,  and  with  much, 
stronger  refractive  energy.     This  indicates,  in  the  condition  of 
genesis  —  or  at  least  of  the  last  metauiorphism,  a  solvent  and 
crystalline  exertion  which  must  naturally  have  accomplished  the 
general  obliteration  of  most  of  the  more  minute  organic  forms. 
Flint,  hornstone,  and  amorphous  chert,  therefore  seem  to  me  to 
present  the  colloid  form  of  silica  necessarily  deposited  from  a  solvent 
of  a  colloid  nature^  such  as  humic'^"*^  and  probably  the  azo-humic 
acids  have  been  found  to  possess.     Granular  chert,  jasper,  etc., 
on  the  other  hand,  appear  to  be  the  crystalline  forms  of  silica, 

««»  Detmcr,  ride  ante. 
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probably  in  part  deposited  from  solution  in  thermal  waters,  in  the 
course  of  the  metamorphism  which  has  generally  affected  the  pre- 
Cretaceous  sediments  in  which  they  occur. 

The  universal  presence  of  siliceous  particles,  in  all  the  calca-. 
reous  sediments  now  being  deposited,  seems  fairly  to  justify  the 
presumption  of  their  presence  in  the  ancient  sediments.  The 
conditions  of  decomposition  within  the  sediments  naturally  differ- 
ing in  various  parts,  according  to  the  character  of  the  material, 
entrance  of  aerated  waters,  temperature,  etc.,  the  results  of  de- 
composition have  also  varied.  In  certain  parts,  the  organic  acids 
were  probably  largely  develoi)ed  for  the  solution  of  all  adjacent 
silica,  while  elsewhere  the  organic  matter  was  perhaps  mainly 
destroyed  and  its  place  subsequently  occupied  in  part  by  infiltra- 
tion from  the  silica-solution. 

Petzholdt  has  found^'*^  in  the  Silurian  dolomitic  beds  of  Liev- 
land,  that,  where  the  average  content  of  silica  in  the  rock  was  4.7 
per  cent.,  this  content  decreased  to  2.3  per  cent,  in  the  close  vi- 
cinity of  the  hornstone  nodules.  Bischof  reasonably  concludes 
from  this^^^  that  the  silica  of  the  nodules  has  been  derived  simply 
from  concentration  of  that  in  the  surrounding  rock;  and  his  only 
question,  which  he  does  not  attempt  to  answer,  relates  to  the 
nature  of  the  solvent,  —  in  these  beds  as  in  chalk,  the  action  of 
carbon  dioxide  being  evidently  not  pertinent,  nor  the  intervention, 
suggested  by  Dana,  of  the  alkaline  waters  of  the  ocean  .^''^ 

There  seems  no  need  to  go  outside  of  such  sediments  for  the 
source  of  silica:  all  analogy  renders  it  probable  that  its  indige- 
nous amount  was  sufficient.  Ehrenberg  and  Murray,  it  is  true, 
have  recorded  the  silicification  of  foraminifera  in  the  deep-sea 
ooze,  the  thin  layer  in  direct  contact  with  the  sea-water ;  but  the 
abundant  supply  both  of  silica  and  of  decomposed  organic  matter, 
as  its  solvent,  throughout  the  enveloping  ooze,  affords  a  satisfac- 
tory explanation  of  this  phase  of  the  process.  Indeed,  it  is  diffi- 
cult to  see  how  there  could  have  been  —  as  the  theories  of  both 
Renard  and  Hardmann,  above-quoted,  require  —  especially  before 
the  formation  of  fissures  and  joints,  the  passage  and  diffusion  of  so 
great  a  volume  of  the  sea-water,  containing  only  0.002  per  cent, 
of  silica,^'*^  through  vast  masses  of  the  finest  sediments,  mostly 

consolidated  and  under  enormous  pressure,  to  furnish  the  enormous 

t 

344  Siliciflcation  organischer  KOrper,  1853.  ac>.  ^47  op  cit.,  II,  400. 

a«  Mau.  of  Geol.,  488.  «•  BoUi,  op.  cU,,  I,  805. 
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quantity  of  silica  concentrated  in  the  nodules  of  chert  or  flint. 
The  negative  considerations  of  Renard  do  not  therefore  seem  to 
me  to  bear  much  weight  against  the  overwhelming  analogies  which 
^have  been  noted  in  the  ancient  and  recent  examples  of  the  sub- 
marine aggregation  of  amorphous  silica. 

XIX.     Periods  of  Special  Activity. 

Certain  periods  in  geological  time  seem  to  have  been  especially 
characterized  by  the  activity  of  the  chemical  reactions  under  dis- 
cussion, as  recently  presented  in  some  detail  by  Le  Conte.^^® 

§61.    Archce((7i. —  Hunt  attributes  the  alternation  of  white   feld- 
spathic  beds,  poor  in  iron,  with  beds  of  iron-ore,  to  the  interven- 
tion of  organic  matters,  e.  g.,  in  the  Green  Mountain  rocks  of 
Canada,  and  particularly  in  those  of  the  Laurentian  series,  with 
their  additional  association  of  graphite.     The  exhaustion  of  iron- 
oxide  from  the  Laurentian  rocks,  also  pointed  out,  is  indicated 
by  their   remarkable    poverty    in   the  oxide   in   a   diif'used  form, 
which   appears    to   have    been    concentrated    in    the   heavy    and 
numerous  beds  of  ore.     On  these  grounds,  it  has  been  claimed 
that  "  we  may  probably  look  upon  the  formation  of  beds  of  iron- 
ore  as  in  all  cases  due  to  the  intervention  of  organic  matters ;  so 
that  its  presence,  not  less  than  that  of, graphite,  affords  evidence 
of  the  existence  of  organic  life  at  the  time  of  the  deposition  of 
these  old  crystalline  rocks. "^^^ 

The  abundance  of  iron-oxide  deposited  in  the  Huronian  sedi- 
ments is  illustrated  by  the  fact,  that,  notwithstanding  its  common 
concentration  in  vast  ore-deposits,  the  interbedded  rocks  remain 
highly  basic  and  ferruginous. 

There  are  indications  in  the  Cambrian  beds,  which  have  induced 
the  paleontologist  to  believe  that  '"  the  earliest  life  of  the  globe 
must  have  been  vegetable,"252  and  i  think  that  the  chemical  results 
further  prove  the  existence  at  that  time  of  abundant  land- vegeta- 
tion. This  may  possibly  have  been  cryptogamic,  when  we  consider 
the  established  existence  of  algae  in  the  ocean-waters  of  that  age,  the 
ready  transport  of  their  spores,  and  their  susceptibility  to  modifica- 
tion. The  facts  certainly  indicate  an  amount  of  chemical  action, 
revealed  in  the  solution,  transport,  and  deposit  of  iron-oxide,  which 
was  enormous,  if  not  in  intensity,  at  least  in  its  accumulation  by 

"0  El.  of  Geol.,  374.       «»» Hnnt,  op.  cU.,  13,  30.       «»«  Jukes,  Man .  of  Geol.,  430,  445. 
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time,  and  probably  unequalled  by  the  entire  amount  of  similar  action 
through  all  subsequent  ages.  And,  although  the  conditions  were  not 
such  as  to  render  it  the  greatest  of  the  Carboniferous  ages,  by  the 
storing  up  of  the  element  indicated  by  that  name,  the  fact  that  the 
Arclicean  was  of  all  others  the  Ferriferous  age  points  as  definitely 
to  the  vast  antiquity  of  vegetable  life,  in  the  form  of  land- vegeta- 
tion, and  to  the  solvent  action  of  the  results  of  its  decay  —  the 
humus-acids.  The  products  of  this  action  appear  to  have  been 
three  in  number,  —  the  iron-ores  (chiefly  magnetites),  the  alumin- 
ous strata,  and  a  vast  mass  of  siliceous  sands  —  which  afforded 
the  materials  worked  over  and  over  again,^^  by  all  agencies, 
throughout  at  least  all  Cambrian  and  Silurian  time,  to  provide 
the  hematites  and  limonites,  the  aluminous  schists,  and  the  sili- 
ceous quartzytes  and  sandstones  of  the  earlier  Palteozoic  epochs. 

§  62.  Palaeozoic, — Throughout  Palaeozoic  time  the  abundant  oc- 
currence of  beds  of  iron-ore,  in  numerous  localities,  indicates  the 
presence  and  chemical  influence  of  the  same  organic  agencies. 
Such  ores,  for  instance,  abound  particularly',  according  to  H. 
D.  Rogers,  in  Pennsylvania,  in  the  Primal,  Auroral  and  Matinal, 
and  Surgent  series :  and  in  Virginia,  according  to  T.  Egleston,  in 
the  Potsdam,  Trenton,  Clinton,  Oriskan3',  and  Hamilton  shales. 
Rogers  attributes  these  ores  to  the  oxide  derived  from  upraised 
Primal,  or  later  sediments,  washed  down  into  the  ocean  along 
with  calcium-carbonate. 

The  abundant  deposits  of  limonite  of  the  Great  or  Cumberland 
Valley,  belonging  to  the  Calciferous  epoch,  have  attracted  much 
investigation,  resulting  in  diverse  views  concerning  their  origin. 
It  has  been  explained^'*  that  they  always  rest  upon  impervious 
damourito-slates,  which  stopped  the  flow  of  ferruginous  waters 
and  occasioned  the  accumulation  of  these  deposits.  Whatever 
the  source  of  the  iron-oxide  may  have  been,  whether  pyrite  or 
other  ferruginous  minerals  in  the  limestones,  dolomytes,  or  other 
associated  rocks,  the  action  of  humus-acids  may  be  suspected  in 
connection  with  this  ore,  limonite^  their  ordinary  product.  They 
have  probably  served  for  its  transport,  and  as  the  erosive  agents 
in  the  excavation  of  the  numerous  limestone-caverns  (instead  of 
that  which  has  been  suggested,  the  dissolving  action  of  water  con- 
taining ferrous  sulphate).     If  it  shall  be  possibly  established  that 

""  Dana,  op.  cU.^  200.  »« F.  Prime,  Jr.,  Am.  J.  Sci.,  1875,  (3),  IX,  4C3. 
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the  iron  was  first  deposited  as  carbonate,  its  solution  and  decom- 
position were  probably  accorapHshed  by  these  acids,  previous  to 
its  oxidation  and  hydration. 

In  the  Medina  period  of  the  American  continent  the  coast  re- 
gion consisted  of  ^'  low  sandy  seashores,  flats,  and  marshes ;  ** 
and  in  the  Clinton  period  the  widely  spread  beds  of  argillaceous 
iron-ore  are  proof,  both  of  extensive  marshes,  and,  although  no 
plant-remains  are  known,  of  a  land- vegetation  and  its  decay,  by 
which  only  the  concentration  of  iron-oxide  could  have  been  ef- 
fected. 

During  the  Devonian,  the  beds  of  the  Oriskany  period  in  Nova 
Scotia  also  contain  argillaceous  iron-ores,  now  sometimes  magnetic, 
which  testify  to  a  land-vegetation  and  humus-layer,  notwithstand- 
ing the  present  absence  of  the  remains  of  land-plants. 

§  63.  Carboniferous  cherts  and  iron-stones, —  The  decomposition 
of  enormous  quantities  of  vegetable  matter,  during  the  Carbonifer- 
ous age,  was  accompanied  by  a  vast  development  of  the  humus- 
acids,  by  a  corresponding  amount  of  chemical  8ul)-aerial  erosion 
in  the  superficial  strata  above  the  water-level,  and  by  the  deposit 
of  large  quantities  both  of  ferric  oxide  and  of  colloid  silica.  It 
is  a  significant  fact  that  the  iron-ores  of  the  coal-measures  are 
intimately  associated  with  a  chert  or  buhrstone^  and  the  ores  of 
ferrous  carbonate  themselves  contain,  as  collated  from  ovfer  fitly 
analyses  given  by  Rogers,  from  about  6  to  60  percent,  of  silica,*^ 
the  more  siliceous  being  termed  "  buhrs tone-ore."  The  transport 
both  of  the  iron-oxide  and  of  this  large  quantity  of  colloid  silica, 
represented  by  the  chert,  necessarily  involves  the  agency  of  silico- 
azo-humic  acids,  in  addition  to  the  carbon  dioxide  considered  by 
Rogers. 

In  the  Carboniferous  measures  of  England,  the  "seat-stone"  of 
the  coal-beds  sometimes  consists  of  a  '*  very  hard  flinty  rock," 
known  as  ganister  in  Yorkshire.  In  Upper  Silesia  and  Poland 
"beds  of  clay  iron-stone  (spherosiderite)  are  tolerably  common. 
They  occur  principally  in  those  localities  where  numerous  and  thin 
coal-seams  alternate  with  argillaceous  shales.  This  clay  iron- 
stone appears  to  be  confined  to  the  upper  strata  of  the  Carboniferous 
and  near  thin  coal-seams.  It  is  entirely  wanting  where  thick 
coal-beds  occur.  It  is  to  be  accepted  as  a  practical  rule,  that  these 
.iron-stones  generally  occur  in  the  foot-wall  of  thin  seams,  and  in 

»**  Geol.  of  Pa.,  1868,  II,  Pt.  II,  789. 
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the  hanging  wall  of  broad  coal-beds.  Still  this  rule  has  many 
exception8."256  xhe  ores  consist  partly  of  argillaceous  spherosid- 
erite  and  parti}'  of  argillaceous  limonite  —  the  latter  possibly 
formed  by  alteration  of  the  former. 

In  considering  the  origin  of  the  associated  deposits  of  clay  iron- 
stone, Bischof  has  pointed  out^^^  that  "the  formation  of  coal, 
proto-carbonate  of  iron,  and  other  carbonates,  ma}*^  have  gone  on 
simultaneously"  in  argillaceous  strata  associated  with  the  coal, 
on  account  of  the  excess  of  organic  matter  present :  "  but  at  the 
same  time  it  must  be  understood  that  such  a  formation  of  carbon- 
ates could  also  have  taken  place  after  the  coal  formation  was 
raised  above  the  sea"  by  the  reducing  influence  of  the  gases, 
graduall}'  evolved  during  the  subterranean  decomposition  and 
transformation  of  vegetable  deposits  into  coal,  penetrating  original 
deposits  of  ferric  oxide  in  clay-beds  overhead.^^  Rogers  accepts 
the  latter  theory  for  the  formation  of  the  iron-stone  deposits  in  the 
coal-measures  of  Pennsylvania.**^  Recently,  however,  in  his  gen- 
eral and  excellent  discussion  of  the  work  of  the  humus-acids  in 
the  transport  and  concentration  of  iron-oxides,  LeConte  ^®  rather 
dwells  upon  the  initial  deposit  of  ferrous  carbonate  as  probable, 
merely  under  the  condition  of  "  the  presence  of  excess  of  organic 
matter,"  both  in  recent  peat-bogs  and  in  those  of  the  Carbonifer- 
ous period.  But  it  is  an  important  fact,  that,  so  greedy  are  solu- 
tions of  ferrous  salts  for  oxygen,*^!  tij^t  recent  instances  of  the 
permanent  deposit  of  ferrous  carbonate  are  extremely  rare,^^  occur- 
ring only  at  chalybeate  springs,  never  in  bogs,  and  are  always 
accompanied  by  conditions  of  perfect  protection  from  the  air,  e.  gr., 
by  thick  layers  of  clay  or  of  fenic  oxide  derived  from  the  oxida- 
tion of  the  carbonate  itself.  Again  the  known  deposits  of  any 
form  of  iron -ores  by  bog- waters,  now  in  progress,  rarely  occur 
in  immediate  contact  with  the  beds  of  organic  matter,  but  in 
separate  basins,  as  in  the  Swedish  lakes,  or  near  the  outlets  of 
swamps  and  peat-bogs,  where  the  aeration  of  the  slowly  flowing 
and  highly  dilute  solutions  causes  the  precipitation.     The  view 

»•  Voii  Cotta,  Treatise  ou  Ore  Deposit*,  244. 
"»  Op.  cU.,  I,  816. 

"»/d«i»,  170-1;  aUo  German  Suppl.,  1871,  64-70. 

"•Geol.  of  Pa.,  1868, 11,  Pt.  II,  730-739.     See  also  Von  Cotta  on  a  similar  reaction  In 
ores  of  the  lower  Cretaceous,  Ore  Deposits,  257. 
»•  El.  of  Geol.,  1879,  136-7,  374-5. 

"« Bischof,  op,  cU.,  1, 155.    Fresenlus,  J.  pr.  Chem.,  1865,  64, 868. 
«•«  Bischof,  op.  cU,,  1, 15C-7. 
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adopted  by  Rogers  seems  to  me  therefore  at  present  the  more 
probable,  since  iron-stone  deposits  are  never  found  in  direct 
contact  with  coal. 

In  explanation  of  the  general  association  of  the  iron-ore  with 
thin  layers  of  coal,  it  need  only  be  stated,  that  the  heaviest  beds 
of  coal  imply  the  longer  subsidence,  deeper  waters,  enormous 
excess  of  organic  acids,  and  absence  of  basins,  comparatively 
free  fi-om  the  reducing  and  therefore  solvent  action  of  humus,  for 
the  reception  of  the  precipitate  of  ferric  oxide.  On  the  other 
hand,  numerous  alternations  of  shale  with  thin  layers  of  coal  in- 
dicate also  occasional  shallow  basins  of  more  thoroughly  aerated 
water,  in  which  the  iron-deposit  could  be  thrown  down :  and  that 
too  in  abundance,  in  the  absence  of  thick  beds  of  coal,  as  in  the 
Upper  Carboniferous  measures  of  Silesia  and  Poland.  'Again  the 
re-conversion  of  carbonate  into  hyd rated  ferric  oxide  reveals  that 
the  iron,  which  owed  its  first  removal,  transport,  and  concentra- 
tion, to  the  solvent  action  of  the  humus-acids,  was  at  a  later 
period,  after  its  transformation  into  ferrous  carbonate,  again  sub- 
jected to  their  action  in  intermittent  solution  and  oxidation. 

§64.  Coloring  material  of  sandstones. —  In  England,  the  pre- 
vailing colors  of  the  Upper  Coal-measures  are  red,  purple,  and 
mottled  red  and  green.  '*  The  rocks  of  which  the  group  is  made 
up  are  mainly  shales  and  sandstones ;  it  contains  seams  of  coal, 
but  they  are  neither  so  numerous  nor  so  thick  as  those  of  the 
Middle  Coal-measures."=^^3  jn  these  red  rocks  each  grain  is  en- 
veloped by  a  thin  skin  of  ferric  oxide,  implying  its  concentration 
in  the  waters  in  which  these  sands  were  deposited.  Prof.  Green 
hence  concludes  that  the  water  was  itself  red  as  blood,  on  account 
of  the  suspended  iron-oxide :  that  its  retention  was  due  to  the 
closing  up  of  the  outlets  of  the  lakes  in  which  the  sandstones  and 
shales  were  formed :  that  the  associated  limestones,  sometimes 
thinly  laminated  and  occasionally  possessing  a  porous  spongy 
texture,  were  produced  by  precipitation  of  calcium-carbonate  from 
solution  in  closed  bodies  of  water:  and  that  the  source  of  the 
ferric  oxide  was  volcanic,  produced  by  the  decomposition  of 
iron-chloride,  rising  as  a  sublimate  in  the  neighboring  volcanic 
districts  of  the  British  Isles.  The  true  explanation  of  the  facts, 
however,  seems  to  have  been  already  suggested  ;  and  especially  is 
there  no  need  of  ascribing  to  a  volcanic  sublimate  the  source  of 

«•»  Prors  Green,  Miall,  etc.,  "  Coal,  its  History  and  Uses,"  1878,  62-64. 
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the  ferric  oxide.  The  westward  prolongation  of  the  Archaean 
rocks  of  the  Scandinavian  peninsula,  referred  to  by  this  author, 
probably  covered  by  heavy  vegetation  and  swamps,  must  have 
afforded  an  ample  area  and  volume  of  ferruginous  materials  for 
the  solvent  action  of  humus-acids  on  a  vast  scale  and  through  a 
long  period,  sufficient  to  have  supplied  the  ochreous  cement  of  the 
sandstones  in  the  Carboniferous  seas. 

The  principal  investigation,  of  which  I  am  aware,  on  the 
subject  of  the  coloring  material  of  such  ferruginous  sandstones, 
one  so  important  in  its  relations  to  the  modern  accumulations  of 
bog  iron-ores,  was  made  thirty  years  ago  by  Dawson,  in  reference 
to  the  red  sandstones,  and  associated  greyish  and  white  beds,  of 
the  Lower  Carboniferous  formation  in  Nova  Scotia,  in  which  he 
comes  to  the  following  conclusions.^*  He  recognizes  that  *'the 
red  coloring  matter,  which  is  the  peroxide  of  iron,  is  in  a  very 
fine  state  of  division,  having  indeed  rather  the  aspect  of  a  chemical 
precipitate  than  of  a  substance  triturated  mechanically."  The 
source  of  the  detrital  matter  of  the  sandstones,  he  finds  in  the 
Silurian,  metamorphic  and  hypogene  rocks,  which  have  formed 
the  ridges  between  the  basins  of  deposit  during  the  Carboniferous 
period :  and  that  of  the  ferric  oxide,  in  the  pyrite  disseminated 
through  the  immense  masses  of  these  older  formations.  During 
the  alteration  of  the  latter  by  igneous  agents,  he  suggests  that 
the  pyrite  in  the  superficial  deposits  has  been  converted  into  per- 
oxide of  iron  and  sulphuric  acid,  or  sulphuretted  hydrogen  sub- 
sequently oxidized  to  sulphuric  acid ;  and  while  the  detritus  was 
mainly  colored  through  this  agency  by  the  iron-oxide,  the  acid 
was  carried  into  the  sea  and  combined  with  calcareous  matter  in 
the  form  of  the  present  beds  of  gypsum.  The  decoloration,  shown 
in  the  grey,  dark,  and  white  beds,  he  attributes  to  two  possible 
causes,  both  acting  contemporaneously  with  the  process  of  de- 
position. First,  in  marine  deposits,  to  the  deoxidizing  influence 
of  decaying  vegetable  matter  and  the  conversion  of  oxide  of  iron 
into  sulphide,  in  the  presence  of  the  sulphates  of  sea- water.  Of 
this  he  gives  an  interesting  illustration  from  the  decoloration  of 
the  reddish  mud  deposited  by  the  streams  upon  the  mud-flats, 
covered  by  eel-grass,  in  the  harbor  of  Pictou,  N.  S.  Secondly, 
in  fresh  water  deposits,  to  '*  the  action  of  acids  produced  in  the 

««*  Quart.  Journal  of  Geol.  Sec.,  1840,  V,  25. 
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putrefaction  and  decay  of  moist  vegetable  matter,"  making  refer- 
ence to  the  phenomena  presented  in  pedt-bogs  and  swamps. 

To  the  main  theory  I  think  it  may  be  fairly  objected  that  the 
concentration,  especially  to  such  a  degree,  of  an  unstable  mineral 
like  pyrite,  among  superficial  detrital  deposits,  as  well  as  its  dis- 
tillation in  the  manner  suggested,  is  unprecedented  and  improba- 
ble. Again,  the  amount  of  pyrite  disseminated  through  the  an- 
cient formations  (if  we  take,  like  Dawson,  the  standard  of  its  pro- 
portion in  present  unaltered  remnants)  is  by  no  means  sufficient 
to  have  supplied  the  immense  quantity  of  ferric  oxide  in  the  later 
sediments.  The  same  objection  may  be  made  to  magnetite — to 
which  Dana  attributes  the  derivation  of  the  iron-oxide  in  the  Tri- 
assic  sediments,  apparently  from  the  agencies  attending  the  erup- 
tion of  the  trap-dykes  (Manual  of  Geology,  1863,  432) — on  the 
ground  both  of  the  insufficient  amount  of  that  mineral,  and  its  re- 
fractory nature  toward  any  agencies  likely  to  have  attacked  it 
during  the  short  duration  of  submarine  volcanic  eruptions.  On 
the  other  hand,  the  ferruginous  minerals,  hofnblende,  chlorite, 
orthoclase,  and  the  iron-garnets,  not  mentioned  by  Dawson,  are 
characteristically  prominent  and  abundant  in  the  parent  crystal- 
line rocks  of  Archaean  age,  and  even  occur  in  the  sediments, 
and  are  readily  assailable  by  agents  of  decomposition.  Biotite 
also  abounds  in  Archaean  rocks.  Bischof  calls  attention  ^^ 
to  its  remarkable  absence  from  most  sandstones,  notwithstanding 
their  richness  in  muscovite,  and  attributes  this  to  its  more  ready 
decomposition.  J.  W.  Young  detected  the  mineral  only  twice,  in 
his  examination  of  the  Carboniferous  sandstones  of  England,*^ 
but  R.  Lincke  seems  to  have  found  it  more  commonly  in  the 
Triassic  sandstones  of  the  Thuringian  basin. ^^  The  full  expla- 
nation may  be  found  in  the  observation  of  P.  Schweitzer,  in  1871, 
on  the  superficial  decomposition  of  the  gneiss  of  New  York  island, 
that  **  the  black  mica,  after  getting  first  coated  with  a  brown  film 
of  oxide  of  iron,  becomes  rapidly  disintegrated  and  disappears. 
The  white  mica  possesses  a  much  greater  resistance,  and  abounds, 
therefore,  in  places  from  which  feldspar  and  black  mica  have 
completely  disappeared."^^  Little  biotite  has  therefore  passed 
into  the  sediments  which  compose  sandstones,  and  even  there  has 

««Chem.  and  Phys.  GeoL,  III,  113.  «••  Cheni.  News,  1868,  IH,  307. 

.    MTjahi-esb.f.Miii.,  1871,1, 15.  MSAm.  Chem.,  1874,  IV,  444. 
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been  often  subjected,  as  the  thin  sections  of  the  sandstones  show, 
to  the  later  attack  of  meteoric  and  organic  agents  of  decomposi- 
tion. In  the  alteration  of  this  mineral  we  may  therefore  find  an 
important  source  of  the  iron-oxide  in  the  Carboniferous  and  most 
ferruginous  sandstones. 

§65.  Mesozoic. — Throughout  this  age,  especially  during  the 
Triassic  and  Cretaceous  periods,  the  coal-measures  and  occasional 
beds  of  argillaceous  iron-ore  both  testify  to  the  same  activity  of 
the  humus-acids. 

In  the  Triassic  b^ds  an  abundance  of  plant-remains  occurs,  and 
even  beds  of  coal  of  considerable  extent  in  India  and  New  South 
Wales,  and,  associated  with  argillaceous  iron-ore,  in  Virginia  and 
North  Carolina.^^  In  the  Jurassic,  the  numerous  remains,  not 
only  of  plants,  but  of  insects,  of  insectivorous  and  herbivorous 
mammals,  and  of  reptiles,  ^^  prove  that  the  land  was  covered  with 
foliage  and  swarming  with  life,"*^®  and  even  beds  of  coal  and 
iron-stone  occur  in  the  Oolite  of  England .^^  In  the  Cretaceous, 
beds  of  lignite  abound,  and  even  beds  of  good  coal  in  the  central 
part  of  British  North  America.^^ 

It  may  be  added  that  in  the  beds  both  of  this  and  other  ages, 
the  evidences  of  numerous  oscillations  of  level,  shallow  water, 
emerging  flats,  and  dry  land  intervals — the  abundant  distribution 
of  lignite-layers — and  even  the  highly  ferraginous  sandstones  and 
shales,  testify  sufficiently  to  the  distribution  of  a  sub-aerial  humus- 
layer,  and  to  the  extensive  erosion  carried  on  by  its  organic  acids. 

§  66.  Cenozoic» — The  increased  extent  of  the  dry  land  during 
the  Tertiary  period  was  attended,  as  is  well  known,  by  a  mild  and 
genial  climate,  and  by  a  great  development  of  terrestrial  vegeta- 
tion, both  as  to  variety  and  luxuriance.  This  is  now  shown  by  the 
abundant  leaf,  lignite,  and  forest-beds,  and  even  coal,  iron  stone, 
red-ochre,  and  the  vast  bodies  of  ferruginous  sands  and  clays. 

Again,  after  its  interruption  in  the  higher  latitudes  by  the  barren 
desolation  of  the 'Glacial  epoch,  perhaps  with  occasional  return, 
during  the  warmer  interglacial  intervals  so  fully  discussed  by 
Croll  and  Geikie,  there  is  every  indicAion  that  the  withdrawal  of 
the  ice-layer  was  ultimately  followed  by  a  heavy  forest-growth, 
and,  subsequently  over  certain  areas,  by  the  extension  of  bogs 
and  marshes  and  the  filling  up  of  innumerable  lake-basins  by 

s<*  Dana,  op.  eit.,  418.  *^*  Dana,  idem,  466. 

''>  Jukes,  op.  cU.,  565, 576.  "*  Dr.  Hector,  Quart.  Jour.  Geol.  Soc,  XVII. 
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peat.^^3  The  growth  and  decomposition  of  vegetable  matter  may 
have  been  further  increased,  as  suggested  by  C.  H.  Hitchcock,  ^^ 
by  the  intercalation  of  warmer  post-glacial  periods.  The  accumula- 
tion and  continuous  decomposition  of  vegetable  matters  during 
this  long  period  afforded  the  conditions  for  a  remarkable  amount 
of  chemical  alte:ation.  This  is  represented  by  the  deep  disinte- 
gration of  the  rocks  over  all  surfaces  not  swept  by  the  ice-layer, 
as  well  as  the  wide  distribution  of  bog- ores,  infusorial  earths, 
cherts,  and  other  chemical  deposits  already  suflSciently  considered. 

§  67.  General  review  of  the  sandstones, — In  regard  to  the  ferru- 
ginous material  which  occupies  the  interstices  of  the  brown  sand- 
stones of  America,  it  is  important  to  notice,  that,  in  the  oehreous 
sands  of  Tertiary  age  and  of  the  Drift,  along  the  Appalachian 
border,  this  ferruginous  cement  appears  to  consist  largely,  perhaps 
chiefly,  of  turgite:  that  in  the  sandstones,  both  of  the  Triassic 
and  of  the  Carboniferous,  its  chief  component  is  limonite:  but,  in 
the  Silurian  beds,  e.  ^.,  the  Shawangunk  grits  of  Ulster  Co.,  New 
York,  the  Potsdam  sandstones  on  the  shores  of  Lake  Charoplain, 
and  the  sandstones  of  the  southern  shore  of  Lake  Superior,  its 
bright,  brick-red  color  and  small  loss  of  weight  by  ignition  indicate 
its  anhydrous  condition  and  general  identity  with  hematite.  This 
last-mentioned  state  of  the  ferric  oxide  in  the  oldest  of  the  Palaeo- 
zoic sediments  has  been  probably  connected  with  their  frequent 
deep  subsidence  and  subjection  to  high  thermal  conditions.  It  is 
doubtless  to  derivation  from  the  ground-up  substance  of  these 
rocks  that  the  red  hard-pan  of  the  drift  of  Minnesota  and  the  sur- 
rounding region  owes  its  iron-oxide,  which,  as  N.  H.  Winchell 
points  out,^^*  exists  in  the  anhydrous  condition,  while  in  the  later 
clays  the  oxide  is  hyd rated. 

It  therefore  appears  that  the  cementing  iron-oxide  in  the  ferru- 
ginous sandstones  of  each  period  exists  mainly  in  the  same  state 
of  hydration  as  the  associated  ores  of  contemporaneous  origin. 
For  the  indigenous  iron-ores  of  the  Silurian,  e.  ^.,  in  northern 
New  York,  Pennsylvania,  Virginia,  etc.,  and  even  yet  a  part  of 
those  of  Archaean  terranes,* exist  in  the  form  of  hematite ;  limon- 
ites  afterwards  predominate  down  to  the  Mesozoic  ;  while  in  Ter- 
tiary and  recent  times,  turgite  is  a  characteristic  accompaniment 
of  other  bog-ores. 

sra  N.  H.  WincheU,  Proo.  Am.  Assoc.  Adv.  Sci.,  1875«  Pt.  11, 43,  and  Geol.  and  Nat.  Hist. 
Sury.  Minn.,  1875, 02. 

«'*  Geol.  of  N.  H.,  UI,  Pt.  1, 338. 

S7S  Geol.  and  Nat.  Hiet.  Surr.  Minn.,  1876, 158, 172.  and  1878, 85. 
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The  differences  in  physical  characteristics  now  obtaining  in  the 
sandstones  of  this  class,  under  our  observation,  seem  to  be  due 
but  partially  to  those  of  the  primitive  mechanical  sediments. 
They  have  probably  had  a  twofold  origin :  first,  in  the  most  an- 
cient sediments,  by  subjection  to  the  extensive  chemical  action  of 
the  organic  acids  washed  down  from  the  swamps  of  the  Archsean 
highlands :  secondly,  in  the  later  sediments,  by  subjection  to  the 
same  feeble  but  long-continued  chemical  action,  since  their  eleva- 
tion above  the  sea-level.  Most  of  these  rocks  may  be  therefore 
considered  as  species  illustrating  one  of  the  following  stages  in 
the  process : 

1.  Green  or  gray  detrital  ("argillaceous")  sandstones .  and 
flags,  the  original  sediments  derived  from  the  degradation  of  crys- 
talline rocks,  passing  into  the  ''arkose"  variety,  where  the  latter 
are  highly  feldspathic  and  micaceous. 

By  the  contraction  of  the  uplifted  Archaean  area,  in  the  Devo- 
nian and  later  ages,  and  consequently  of  the  extent  of  humus- 
covered  surface,  the  rate  of  chemical  decomposition  of  detritus 
could  not  compete  with  that  of  the  mechanical  disintegration 
of  fresh  material :  the  resulting  heavy  accumulation  of  unaltered 
rock-detritus  is  well  represented  by  the  green  flags  and  grits  of 
the  Devonian  basins  of  central  New  York,  etc. 

2.  Brown  or  red  (''ferruginous"  or  "ochreous")  sandstones. 
These  comprise,  almost  exclusively,  the  vast  accumulations  of 
upper  Devonian,  Carboniferous,  and  later  ages ;  and  because  still 
more  rapidly  and  loosely  aggregated  and  more  porous  than  the 
preceding  species,  they  are  now  found  with  their  silicated  mineral 
components  in  a  partially  altered  condition.  Thus  the}'  pass,  by 
mottled  or  striped  varieties,  into 

3.  White  ("siliceous")  sandstones.  These  may  thus  find  one 
source  of  derivation  at  the  end  of  the  process  of  exhaustion  of 
originally  argillaceous  or  ferruginous  sandstones  by  percolating 
solutions  of  organic  acids.  But,  on  the  other  hand,  the  most  an- 
cient sandstones,  those  of  Silurian  and  pre-Silurian  age,  as  well  as 
nearly  all  Silurian  and  Archaean  quartzytes,  whose  strata  mostly 
rest  upon  the  flanks  of  broad  terranes  of  Archaean  rocks,  appear  to 
be  made  up  of  porous  siliceous  sediments  which  have  been  more 
or  less  thoroughly  acid- washed  during  Archaean  time.  Familiar 
examples  of  these  latter  rocks  are  presented  in  most  of  the  Pots- 
dam sandstones,  contiguous  to  extensive  Archaean  areas.  It  is 
stated  in  reference  to  the  Potsdam  that  "  the  waters  were  shallow, 
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and  that  there  were  beyond  doubt  coasts  and  exposed  sand  and 
mud  flats,"  with  crustaceans  crawling  above  the  sea-level,  indica- 
tions of  dunes,  etc.     Nevertheless  it  has  been  considered  "  an  age 
without  land  vegetation  to  bind  the  soil,"  and  that  "there  was  no 
green  herbage  over  the  exposed  hills."  ^76     However,  the  ferrug^i- 
nous  and  the  purely  siliceous  sands,  both  indicate,  in  my  opinion, 
the  work  of  organic  acids   in   the  transport  and  exhaustion   of 
iron-oxide ;  and  it  may  be  tliat  the  forarainiferal  life,  suggested 
by  the  glauconite  of  the  period,  also  implies,  for  its  nutrition,  that 
trace  of  organic  matter  dissolved  in  the  ocean,  which  must  then 
as  now  have  been  largely  derived  from  vegetation  upon  the  land 
and  along  the  shores.     The  coast  at  that  period,  like  the  mar^n 
of  the  North  American  continent  at  present,  seems  therefore  to 
have   been   marked    by   a  continuous   fringe   of  land   and   tidal 
marshes  for  the  partial  purification  of  the  loose  detritus  and  the 
concentration  of  the  pure  siliceous  sands  in   the  outer  beach, 
thence  to  be  strewn  over  the  bottom  of  the  ancient  sea. 

XX.    Conclusion. 

The  consideration  of  this  subject  at  so  great  a  length  has  seemed 
desirable  on  account  of  the  prevailing  disregard  of  the  doubtless 
feeble  and  slowly  working  organic  solvents,  to  which,  in  large  part, 
such  results  may  now  be  attributed.  Yet  the  exclusive  presenta- 
tion, in  this  paper,  of  this  single  group  of  agents,  may  lead  to  the 
equally  unfounded  conclusion  that  the  present  writer,  in  bis 
turn,  has  disregarded  the  efldciency,  in  many  of  the  geological 
phenomena  discussed,  of  the  other  well-known  chemical  agents  of 
inorganic  origin  and  nature.  For  the  present,  perhai)8,  no  certain 
conclusions  can  be  reached,  in  such  cases,  till  more  numerous  and 
careful  experimental  researches  shall  have  acquainted  us  with  the 
precise  genesis,  character,  and  transformations  of  these  substances. 
My  present  purpose  has  been  chiefly  to  modify  the  views  of  those, 
who,  like  Bischof,  look  upon  the  main  work  of  organic  matter  in 
nature  as  one  of  mere  reduction,  and  who  assign  to  carbon  dioxide 
an  exaggerated  importance  in  that  of  solution. 

My  grateful  acknowledgments  are  due  to  Mr.  W.  G.  Baker, 
the  librarian  of  the  School  of  Mines,  Columbia  College,  New 
York,  and  to  Mr.  R.  Little,  the  Superintendent  of  the  Astor  Li- 
brary, for  special  privileges  and  kind  assistance. 

"•  Dans,  qp.  cU.,  IW,  200, 203. 
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On  the  Conditions  to  be  filled  by  a  Theory  of   Life.    By 
Charles  Sedgwick  Minot,  of  Boston,  Mass. 

[ABSTRACT.! 

It  has  been  so  often  asserted  that  the  essential  nature  of  life 
cannot  be  discovered  by  man,  that  the  remark  has  become  com- 
monplace. It  would  seem  that  this  assertion  is  merely  the  assump- 
tion of  haste,  and  is  based  only  upon  our  present  ignorance  of 
vital  properties.  It  should  rather  be  said  that  the  main  object 
of  all  botanical  and  zoological  studies  is  ultimately  to  discover 
the  vital  principle.  The  conviction  that  such  is  the  end  of  biolog- 
ical research  has  led  me  for  several  years  past  to  endeavor  to  sort 
out  those  vital  phenomena  which  are  most  universal,  in  order  to 
determine  what  are  the  principal  and  essential  functions  of  living 
bodies.  Such  a  labor  cannot  add  much  that  is  new  to  science, 
but  it  forced  me  to  the  conclusion  that  the  favorite  speculations 
of  the  present  time  concerning  the  origin  and  nature  of  life  as 
explained  by  science  were  superficial  and  even  crude,  principally 
because  they  were  not  based  ui>on  a  careful  examination  of  the 
phenomena  to  be  explained.  In  order  to  avoid  erroneous  opin- 
ions I  have  deferred  publication  for  a  long  time,  during  which, 
however,  no  very  essential  improvement  of  the  outline  I  had 
drawn  has  occurred  to  me.  To  deal  with  such  difficult  and 
dangerous  questions  with  complete  success  requires  more  knowl- 
e<lge  and  judgment  than  I  possess ;  I  hope,  therefore,  to  be  allowed 
to  publish  what  follows  rather  as  opinions  I  deem  plausible,  than 
as  conclusions  I  believe  certain.  Of  one  thing,  however,  I  feel 
sure — that  it  is  useless  to  discuss  the  opposing  claims  of  con- 
scious automatism,  the  mechanical  theory  of  life  and  a  vital  prin- 
ciple, until  we  decide  what  are  really  the  vital  phenomena  to  be 
explained. 

All  the  higher  animals  and  plants  are  known  to  consist  of 
colonies  of  cells.  There  are  beside  many  unicellular  animals  and 
plants.  Of  late  years  there  have  been  described  a  large  number 
of  organisms  stated  to  consist  solely  of  protoplasm.  It  is  on 
these  discoveries  that  the  various  protoplasm  theories  of  life 
have  been  founded.  Many  popular  articles  have  been  written 
beginning  with  the  assertion  that  protoplasm  is  a  simple,  jelly- 
like mass,  and  ending  with  the  conclusion  that  life  depends  solely 
on  the  mechanical  propertie%  of  protoplasm.    I  think  it  cannot  be 


Digitized  by  VjOOQ IC 


412  CONDITIONS  TO   BE   PILLED    BY   A  THEORY   OF    LIFE; 

too  seriousl}'  regretted  that  respectable  periodicals  have  published 
80  many  of  such  articles,  because  all  but  the  ignorant  know  tbat 
protoplasm  is  not  jelly-like,  and  not  simple;  on  the  contrary,  it 
consists  of  many  and  very  various  chemical  compounds,  and  from 
recent  investigations  it  has  become  probable  that  it  never  exists 
as  a  homogeneous  mass,  but  always  contains  numerous  vacuoles, 
each  enclosing*  some  distinct  substance  or  substances,  liquid    or 
solid ;   this  structure  explains  the  appearance  of  the  so-called 
protoplasmatic  network.     Moreover,  protoplasm  probably  can  not 
permanently  maintain  its  life  when  separated  from  a  nucleus.*     The 
number  of  protoplasmatic  animals  supposed  to  be  without  nuclei 
has  rapidly  diminished, —  especially  as  the  nucleus  of  the  Foram- 
iniferae  has  been  discovered,  and  the  unicellular  nature  of  the  In- 
fusoria established.     To  say  that  all  the  supposed  protoplasmatic 
animals  have  a  nucleus  is  not  yet  safe,  but  it  must  not  be  forgotten 
that  in  many  cases  the  nucleus  is  discoverable  when  properly 
searched  for  with  the  aid  of  nice  histological  methods,  and  that 
those  cases  where  it  has  not  been  found  as  yet  are  all  cases  of 
uncertaint}',  partly  because  careful  observations  have  not  been 
made,  partly  because  the  objects  themselves  are  too  minute.     The 
probability,  therefore,  is  against  the  separate  existence  of  proto- 
plasm, and  is  in  favor  of  the  universal  presence  of  the  nucleus. 
This  view  is  strengthened  by  the  discovery  of  the  real  nature  of 
Bathybius  * 

A  cell  must,  therefore,  be  regarded  as  the  unit  of  life,  and  the 
problem  we  are  considering  becomes  to  determine  the  general 
properties  and  functions  of  cells.  I  reason  chiefl\'  upon  the  basis 
of  zoology,  that  branch  of  l^iology,  which  alone  I  have  studied 
scientifically.  The  principal  peculiarities  of  cells,  as  thus  deter- 
mined, I  consider  to  be  as  follows : — 

1.  Irritability,  When  some  motion  strikes  the  cell  it  may 
simply  act  mechanically  or  give  rise  to  peculiar  effects  which 
occur  only  in  living  matter.  Nothing  but  some  mode  of  motion 
ever  acts  as  a  stimulus.  The  effect  produced  by  stimuli  is  a 
sensation.  The  stimuli  may  come  from  the  outside  or  from  the 
inside  of  the  cell.  The  ultimate  effects  of  the  irritation  may  be 
inhibited, — that  is  delayed  or  prevented  by  the  cell  itself. 

>  By  this  I  mean  only,  that  all  vital  functions  cannot  be  performed,  because  to  some 
of  them  the  nucleus  is  necessary.  Of  course  protoplasm  may  remain  alive  when  sep- 
arated from  the  nucleus,  but  the  possibility  of  reproduction  is  probably  lost. 
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2.  The  power  of  doing  work,  or  developing  in  response  to  a 
stimulus,  or  from  some  other  cause,  a  certain  amount  of  motion 
or  energy.  The  work  done  may  be  mechanical,  electrical,  calorific 
or  even  luminiferous.  The  power  of  doing  work  cannot  be  sus- 
tained indefinitely,  hence  the  phenomena  ot  fatigue  or  exiiaustion, 
and  recovery. 

3.  To  set  free  energy  by  chemical  changes;  eM:h  cell  must  be 
supposed  to  maintain  a  vortex  by  which  matter  is  continually 
drawn  in  from  the  outside,  the  elements  re-combined,  and  finally 
in  part  ejected,  while  the  shap^e  of  the  vortex  or  cell  is  preserved. 

4.  Growth.  The  ceil  retains  permanently  a  portion  of  the 
matter  drawn  in  by  the  vortex. 

5.  Multiplication.  The  cell  cannot  grow  beyond  a  certain  limit, 
but  instead  of  further  enlargement  it  divides.  (The  budding  of 
lu/usoria  is  only  a  peculiar  form  of  cell  division.) 

6.  Senescence.  With  each  successive  generation  of  cells  the 
power  of  growth  diminishes.  Were  this  otherwise,  the  growth  of 
each  invividual  at  any  given  time  would  be  in  geometrical  pro- 
gression.    This  loss  of  power  I  term  senescence. 

7.  Rejuvenation.  The  effects  of  senescence  are  overcome  by 
some  of  the  cells  separating  in  character  from  the  rest,  and 
giving  rise  to  peculiar  bodies,  the  eggs  and  spermatozoa.  A  new 
cycle  of  cell  generations  is  thus  formed.  In  each  cycle  there  is  a 
slow  senescence  terminating  in  the  formation  of  a  new  cycle  by 
the  rejuvenating  influence  of  the  sexual  products. 

8.  Material  continuity  oj  life.  The  actual  continuity  of  living 
matter  is  unbroken  in  consequence  of  the  nature  of  cell  division 
and  of  the  origin  of  the  sexual  products.  We  cannot,  therefore, 
yet  conceive  the  origin  of  life,  especially  as  all  attempts  to  demon- 
strate spontaneous  generation  have  been  unconvincing. 

9.  Heredity,  Every  cell  inherits  the  qualities  of  its  parents, 
though  imperfectly,  ihe  resemblance  of  an  animal  to  its  parent 
is  due  to  the  fact  that  a  given  cell  of  the  parent  cycle  transmits 
an  influence  to  the  child  cycle,  tending  to  cause  a  similar  cell  to 
be  developed  in  the  same  place  and  at  the  same  time  in  the  off- 
spring. Heredity  is  imperfect,  both  inherently  and  from  the 
effects  of  external  circumstances. 

10.  Direct  influence  of  extei-nal  circumstances,  Tiiis  has  now 
become  established  in  several  cases. 

11.  Predetermined  union  of  cells.     When  the  cells  of  one  cycle 
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unite  to  form  an  animal,  they  arrange  themselves  definitely  in 
three  sets,  (germ  layers),  at  least  in  the  higher  metazoa. 

12.  Vital  union  of  cells.  Some  of  the  cells  of  each  set  are 
united  by  means  of  the  nerves  into  a  common  neural  union  or  asso- 
ciation, each  member  of  which  loses  some  of  its  originality  and 
independence  as  an  individual  cell,  and  becomes  able  to  affect  the 
other  members  of  the  union  both  in  their  growth,  nourishment, 
and  sensations. 

13.  Teleolngical  mechanism.  This  principle  has  been  recently 
clearly  formulated  by  Pflijger, — a  need  causes  its  own  satisfaction, 
6.  gr.,  the  need  of  digestion  produced  by  the  presence  of  food 
causes  the  secretion  of  the  digestive  fluids. 

14.  Memory,  Man  knows  by  introspection  that  he  has  mem- 
ory ;  we  attribute  it  to  the  higher  animals  by  common  consent,  and 
there  is  no  reason  for  denying  its  existence  in  the  lower  forms. 
Real  memory  implies  consciousness,  otherwise  it  cannot  be  known 
that  the  sensation  refers  to  the  past. 

15.  Habit,  This  may  be  best  defined  as  unconscious  memory. 
It  seems  to  me  a  grave  error  to  identify  habit  and  real  memory. 
Habit  implies  that  acts  become  easier  if  repeated. 

16.  Consciousness,  Our  knowledge  of  this,  as  of  memory,  is 
introspective,  and  is  attributable  to  animals  for  the  same  reasons. 

17.  Free  ivilL  If  there  be  such  a  thing  it  must  of  course  be 
entered  here. 


These  are  the  essential  categories  of  the  phenomena  of  animal 
life,  and  as  the}'  are  all  performed  by  colonies  of  cells,  they  must 
be  the  work  of  the  units  of  such  colonies,  or  in  other  words  each 
one  of  tliese  properties  is  that  of  a  cell.  There  are  reasons  for 
thinking  that  unicellular  animals  have  the  same  properties.  To 
summarize,  every  cell  performs  all  functions : — 

1.  Responds  to  stimuli. 

2.  Maintains  the  vortex. 

3.  Grows  and  divides. 

4.  Inherits,  varies  and  bequeathes. 
Further,  each  cell  probabl}'  has 

5.  A  sexual  power,  usually  dormant. 

6.  Consciousness. 

7.  Memor3^ 

8.  Habit. 
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To  explain  life  we  must  discover  why  it  displays  itself  only  in 
a  physical  basis  composed  of  various  albumenoid  molecules, 
imbibed  with  water  and  certain  salts,  and  commingled  with  other 
complex  organic  compounds,  all  disposed  in  a  definite  order ;  why 
this  basis  divides  into  distinct  masses,  cells,  grouped  each  around 
a  distinct  body,  the  nucleus ;  why  chemical  and  physical  events 
take  place  in  a  particular  order  in  each  cell,  the  regulating  power 
being  within  the  cell  itself;  why  senescence  and  rejuvenation  take 
place ;  and  finally  the  sources  of  consciousness,  memory  and 
habit.  No  mechanical  explanation,  or  theory  of  conscious  autom- 
atism suffices,  but  a  vital  force  is  the  only  reasonable  hypothesis ; 
the  nature  of  that  force  is,  for  the  present,  an  entire  m}  stery,  and 
before  we  can  expect  to  discover  it  we  must  settle  what  are  the 
phenomena  to  be  explained  by  it. 


On  the  Occurrence  of  Microscopic  Crystals  in  the  Verte- 
bra OF  the  Toad  {Bufo  Americanns).  By  H.  Carrington 
Bolton,  of  Hertford,  Conn.  With  a  Note  by  Alexis  A. 
JuLiEN,  of  New  York. 

The  microscopic  crystals  contained  in  the  capsules  attached  to 
the  spinal  nerve  of  the  frog  have  been  examined  by  many  Uistol- 
ogists.  They  were  first  noticed,  we  believe,  by  the  learned  Flem- 
ish ph3'sician,  Blasius  ^  in  the  latter  part  of  the  seventeenth 
century.  Svvann,  in  his  Comparative  Anatomy  of  the  Nervotts 
System^^  gives  figures  of  them  without  any  detailed  description, 
and  Wagner 3  refers  to  the  crystals  as  follows:  ''The  ganglia 
admit  of  being  very  readily  demonstrated,  lying  upon  the  sides  of 
the  vertebral  column  ;  tiiey  are  situated  near  those  small  white 
vesicles  which  protrude  b}'  becoming  swollen,  chiefly  during  the 
spring  of  the  year,  and  contain  numerous  microscopic  calcareous 

1  Anat.  Animalium,  Amst.  p.  201,  ir>81. 

"Plate  VII,  flgs. 5  and 6. 

*  Conip.  Anat.  Vertebrates,  part  I.,  p.  151. 
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ciystals."  They  were  also  observed  by  Staniiiiis  and  by  Prof. 
Owen,  who,  liowever,  added  little  to  our  knowledge  of  them. 

In  1852  Dr.  Jeffries  Wyman  prepared  a  memoir  on  the 
"  Anatomy  of  the  Nervous  System  of  Mana  pipiens"  which  is 
published  in  the  fifth  volume  of  the  Smithsonian  Contributions 
to  Knowledge  (1853).  In  this  paper  he  states  that  the  *' cr3"8tal 
capsules  are  8ul>ject  to  some  variety,  but  exist  on  the  trunks  of 
all  the  true  spinal  nerves,  the  h3'pogiossus  included,  and  invest 
them  more  or  less  completely  at  their  exit  from  the  spinal  canal, 
occupying:  the  space  between  the  transverse  processes  of  two 
adjoining  vertebrae.  The  capsule  is  a  very  thin  membrane,  some- 
times having  a  diameter  of  2  to  3  lines ;  its  surface  is  minutely 
lobidated  in  appearance,  which  results  from  the  existence  of 
numerous  partitions  within,  forming  many  small  cavities,  which 
communicate,  though  not  ver}^  freely,  with  each  other.  The 
contents  of  these  pouches  are  vast  numbers  of  exceedingly  minute 
crystals  of  a  somewhat  oval  form,  pointed  at  their  extremities, 
and  comparable  in  shape  to  a  lemon  seed,  but  sometimes  pre- 
senting weH  defined  angles." 

Dr.  Wyman  failed  to  confirm  Wagner*s  statement  that  the 
capsules  are  more  swollen  in  the  spring  of  the  year,  having,  he 
says,  *' detected  them  of  nearly  equal  dimensions  at  all  seasons," 
and  he  also  differs  from  Stannius  in  regarding  them  as  character- 
istic of  the  adult  animal. 

Dr.  Wyman  then  remarks :  '*  Dissections  of  other  than  Rani- 
form  Batrachians  have  not  led  to  their  detection  ;  I  have  not 
found  them  in  Siren^  Menobranchus^  Bufo  or  ISalamandra^  but 
have  seen  them  in  Rana  fontinoUs^  Rana  halecina  and  Rana 
palustris.  Thc}^  seem  to  be  in  these  species  constant  appendages 
to  the  spinal  nerves." 

Notwithstanding  this  positive  statement  of  so  distinguished 
and  accurate  an  observer,  the  writer  has  found  the  microscopic 
crystals  in  the  toad  in  great  abundance,  and  differing  little  in  form 
and  general  appearance  from  thfise  occurring  in  the  frog.  Speci- 
mens of  the  common  toad  {Bufo  Arnericanvs)^  collected  both  in 
the  autumn  and  in  the  spring  were  dissected,  and  in  every  instance 
the  contents  of  the  spinal  canal  examined  under  a  \  inch  object- 
ive, disclosed  the  white  matter  as  a  mass  of  minute  crystals. 

On  treating  the  crystals  on  a  glass  slide  with  acetic  acid  they 
dissolve  with  effervescence,  and  the  addition  of  oxalate  of  ammo- 
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nium  to  this  solution  produces  a  milkiness  visible  to  the  unaided 
eye,  which  under  the  microscope  appears  to  be  formed  of  minute 
ovoid  masses  characteristic  of  precipitated  calcium  oxalate. 

When  the  calcareous  crystals  are  placed  under  the  microscope 
in  a  drop  of  water,  they  exhibit  in  a  marked  manner  the  phenom- 
ena known  as  Brownian  motions ;  the  larger  crystals  remain  at 
rest  but  the  smaller  ones  having  a  length  of  about  tt}V(x  milli- 
metre maintain  a  constant  restless  motion.  That  similar  crys- 
tals from  the  spinal  canal  of  the  frog  exhibit  this  phenomenon  is 
well  known  to  histologists.^ 

The  resemblance  of  the  crj'stals  from  the  toad  to  those  from 
the  frog  is  very  close,  but  a  careful  examination  shows  that  the 
former  average  somewhat  smaller  than  the  latter.  Slides  contain- 
ing crystals  from  Rana  and  Bufo,  mounted  in  Canada  balsam, 
were  submitted  for  accurate  measurements  to  my  friend,  Mr. 
Alexis  A.  Julien,  to  whom  I  am  greatly  indebted  for  a  pains- 
taking examination. 

Mr.  Julien  reports  as  follows  : 

"The  crystals  appear  perfectly  colorless  with  sharp  outlines 
and  with  a  refractive  index  so  nearly  that  of  the  Canada  balsam 
in  which  they  are  mounted  that  it  is  difficult  to  distinguish  any 
but  their  outer  edges.  It  will  be  seen  by  the  measurements  given 
below  that  the  average  size  and  the  variation  in  size  of  the  Bufo 
crystals  are  the  greater  of  the  two.  In  the  accompanying  sketch, 
Fig.  2,  d,  represents  one  of  the  larger  of  these  crystals,  exhib- 
iting most  distinctly  the  highly  modified  edges.  In  both  the  Rana 
and  the  Bufo  crystals  many  were  observed  which  at  first  glance 
displayed  a  curved  or  spindle-shaped  outline  tapering  rather  sud- 
denly toward  either  end  ;  some  of  these  are  shown  in  Figs.  1  and 
3.  They  are  often  of  considerable  size  and  by  careful  focusing 
these  curved  outlines  were  found  to  consist  of  a  succession  of 
straight  edges,  indicating  simply  a  more  highly  modified  form  of 
the  common  crystals.  On  the. whole  the  crystals  of  both  Rana 
and  Bufo  appear  to  me  to  differ  from  the  otoliths  of  aragonite 
enclosed  in  the  human  ear,  familiar  to  histologists,  and  to  re- 
semble rather  highly  modified  rhombohedra  of  calcite  belonging, 
perhaps,  to  the  type  represented  in  Fig.  553  of  Dana's  System  of 
Mineralogy.     No  twins  were  anywhere  observed." 

*  Frey'0  Microscopical  Technology,  translated  by  Dr.  Geo.  R.  Cutter,  p.  101  (1872). 
.  .    ...     /J .    cc       lU.  27 
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Size  of  Crystals  in  fractions  of  millimetre. 
Bttfo,  Lengtb.  Breadth. 

Largest  0-033  0*0140 

Smallest  0-0005  00003 

Common  size         00034  to  0-025        0001  to  001. 


nana. 

Largest 

00229 

0-0074 

Smallest 

00007 

0-0004 

Common  size 

0-0068 

0-0014 

[Otoliths  measure  about  0*012  mm.  long  by  0-008  mm.  broad.*] 
The  accompanying  figures  from  drawings  by  Mr.  Julien  show 
the  crystals  as  seen  with  a  magnifying  power  of  900  to  1008 
diameters,  under  the  camera  lucida. 

Fig.  1  shows  a  portion  of  the  field  seen  in  the  slide  of  Rana  crys- 
tals and  Fig.  3  shows  the  same  in  that  of  Bufo,  with  the  usual 
intermixture  of  perfect  crystals  and  irregular  fragments.  Fig.  2 
contains  several  individual  crystals  enlarged  in  the  drawing. 

POSTSCRIPT.  — May,  1880. 

Since  preparing  the  foregoing  notes  Mr.  Simon  H.  Gage,  Instructor 
in  Physiology  at  Cornell  University,  has  had  the  kindness  at  my  sug- 
gestion to  extend  the  examination  for  calcareous  crystals  to  other  Am- 
phibia.   He  reports  as  follows : 

"Alcoholic  specimens  of  Siren  and  Menopoma  were  very  carefully  ex- 
amined, but  no  crystals  could  be  found  either  In  the  neural  canal  or  on 
the  spinal  nerves.  A  fresh  Menobrancbus  was  examined  with  the  same 
result." 

Mr.  Gage  confirms  our  observation  as  to  the  occurrence  of  the  crystals 
in  Bufo  and  In  this  connection  remarks : 

"In  Rana  the  crystals  on  the  nerves  are  beyond,  periphei*ad  of,  the 
ganglion  and  seem  to  have  no  connection  with  those  lining  the  neural 
canal ;  while  In  Bufo  the  ganglion  Is  completely  surrounded  by  a  cushion 
of  crystals  which  seem  to  be  merely  a  lateral  extension  through  the  lu- 
tevertebral  foramina  of  the  general  cushion  lining  the  neural  canal. 

Dr.  Wyman  in  the  paper  quoted  makes  no  reference  to  the  crystals  in 
the  neural  canal  of  Rana." 

Mr.  Gage*s  communication  Is  accompanied  by  a  cross-section  of  the 
spinal  column  of  Bufo  showing  the  exact  position  of  the  cushion  of  crys- 
tals, and  we  regret  that  circumstances  prevent  a  reproduction  of  his 
sketch. 

*Dr.  J.  B.  St.  John  Boosa  in  Diseases  of  the  Ear,  p.  475  (1874). 
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On  Certain  Forms  of  Mdsc-e  volitantes.    By  J.  W.  Osborne, 
of  Washington,  D.  C. 

[ABSTRACT.] 

The  author  stated  that  the  occarrence  of  entoptic  figures  in 
their  various  forms  had  been  so  fully  treated  by  Helmholz,  that  it 
was  unnecessary  to  say  anything  on  the  general  subject.  It 
might  be  worth  while,  however,  as  he  had  for  nearly  seven  years 
devoted  considerable  attention  to  the  appearance  of  certain  of 
these  figures  in  his  own  eyes,  to  put  on  record  a  few  facts  con- 
cerning them,  and  to  submit  to  the  section  a  drawing  of  three 
distinct  and  permanent  groups. 

Fig.  I  is  visible  in  the  left  eye  and  can  be  almost  always  found 
wlien  wanted ;  nevertheless  to  draw  it  correctly  was  a  matter  of 
great  difficulty,  because  it  does  not  lie  in  the  line  of  direct  vision, 
and  the  effort  to  examine  it  drives  it  farther  off.  This  group  con- 
sists of  eight  nuclei,  without  any  visible  connection,  but  remarka- 
bly permanent  in  their  relative  positions. 

In  the  diagram  it  is  drawn  twice.  The  figure  to  the  left  may 
be  called  normal,  it  being  that  which  it  most  frequently  assumes, 
and  that  to  which  any  modification  of  its  general  outline  invaria- 
bly reverts.  At  the  same  time  it  is  not  unfrequently  found  folded 
up,  as  in  the  right  hand  drawing,  and  even  to  an  extent  greater 
than  is  there  shown.  This  folded  condition  was  most  common  at 
the  time  of  first  waking  in  the  morning.  The  unfolding  was 
usually'  somewhat  sudden,  and  has  several  times  been  actually 
seen.  Since  this  figure  was  first  accurately  noted,  it  has  made  a 
pai*tial  revolution  in  the  direction  of  the  hands  of  a  watch ;  that 
is,  a  line  through  it,  which  about  seven  years  ago  was  perpendicu- 
lar, would  now  be  inclined  about  45"*.  This  change  was  exceed- 
ingly gradual,  and  apparently  uniform.  The  angle  which  this 
figure  subtends  is  in  the  vertical  direction  about  4^° ;  but  this  is 
not  constant ;  nor  is  the  definition  of  the  image  on  the  retina  uni- 
formly sharp. 

Fig.  II,  visible  in  the  right  eye,  represents  a  remarkable  group. 
The  three  nuclei  forming  the  right  hand  portion  are  frequently 
seen.  When  they  are  found,  the  two  towards  the  left  can  always 
be  found  also,  although  an  effort  is  generally  necessary.  The  two 
above  are  exceedingly  diflJcult  to  find.  It  is  onl}'  by  persistent 
effort,  and  an  exact  knowledge  of  the  part  of  the  field  where  they 
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are  situated  that  this  is  possible ;  and  when  they  are  found  the 
three  to  the  right  usually  become  invisible. 

Still,  the  left  and  upper  pairs  of  nuclei  sometimes  come  into 
the  field  of  vision  spontaneously,  and  on  comparatively  rare  occa- 
sions all  seven  nuclei  have  been  seen  together  moving  as  a  whole. 
The  difficulty  of  examining  this  group  is  due  to  the  great  distances 
between  the  nuclei,  the  whole  figures  covering  a  space  of  about 
5i°X7i®.  No  trace  of  connection  has  ever  been  observed  between 
the  units  forming  it,  although  their  relative  positions  are  very 
constant. 

Fig.  Ill  is  connected  throughout ;  it  belongs  to  the  right  eye. 
It  is  chiefly  interesting  from  the  fact,  that  flexures  in  it  are  very 
frequently  seen,  while  it  is  floating  through  the  field  of  vision, 
and  the  angular  bendings  of  the  upper  end  always  occur  at  certain 
fixed  joints.  The  three  aspects  given  in  the  drawing  show  these 
peculiarities.  It  should  also  be  remarked  that  both  extrepiities 
of  this  figure  have  at  times  been  developed  very  considerably  in 
length  ;  but  for  intervals  of  time  so  short,  that  it  has  been  found 
impossible  to  draw  them. — All  these  entoptic  groups  belong  to  the 
luminous  species.  Of  them  all  it  may  be  said  that  their  relative 
position  to  the  line  joining  the  two  eyes  is  constant,  however  the 
head  may  be  inclined. 

*  With  regard  to  the  movements  of  the  muscae  volitantes,  the 
author  again  referred  to  Helmholz,  and  to  the  researches  of  Bon- 
ders and  Doncan,  but  expressed  the  opinion  that  something  yet 
remained  to  be  done  to  make  the  received  explanations  quite  sat- 
isfactory. The  subjective  impression  was  the  combined  result  of 
the  movements  of  the  eye-ball,  of  the  contained  vitreous  humor, 
and  of  the  proper  motion  of  the  musca  itself.  To  disentangle  the 
last  named  was  not  easy ;  but  when  attempted  the  result  seemed 
to  indicate  that  actual  motion  was  very  rapidly  imparted  to  the 
suspended  particle  of  matter  (which  in  a  perfectly  full  and  closed 
vessel  it  will  be  found  impossible  to  imitate),  and  the  acquired 
momentum  seemed  also  disproportionate  in  amount,  to  that  due 
to  any  probable  difl^erence  in  the  specific  gravity  of  the  particle 
and  that  of  the  medium  by  the  intervention  of  which  the  impulse 
was  imparted. 
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The  Inter-articular  Ligament  of  the  Head  op  the  Ribs  in 
T^E  Cat.    By  S.  H.  Gage,  of  Ithaca,  N.  Y. 

Synonymy. —  1.  Ligament  interarticulaire. — Bichat.  2.  Liga- 
mentum  teres. — Chtrlt  and  Schwab,  3.  Ligamentam  conjugale 
eostarum,  and  ligamentam  teres. — Meyer.  4.  Ligament  inter- 
osseux  ou  interarticulaire. — Bigot.  5.  Ligament  articulaire. — 
Chauveau.  6.  Ligamentum  teres. — Leyh.  7.  Ligamentum  con* 
jugale  eostarum. — Cleland.  8.  Interarticular  ligament. — Human 
AnCitomists. 

Note. —  The  works  on  papers  in  which  these  names  are  given  are 
as  follows : — Bichat,  Xav. — Traits  d' Anatomic  descriptive,  1801, 
tomel,  p.  231.  Schwab — AnatoraiederHausthiere,  1821.  Gurlt. 
— ^Vergleichende  Anatomic  der  Hausthiere,  1822,  und  Anatomie 
des  Pferdes,  1832.  Meyer,  A.  F. — Ueber  ein  neuentdecktes 
Band,  Jochband  der  Rippen.  Muller's  Archiv  fiir  Anatomie, 
Physiology,  etc.,  1834,  s.  273.  Rigot. — Trait6  complct  de  TAnat- 
omie  des  Animaux  domestique,  1840.  Chauveau,  A. — Trait6 
d'Anatomie  comparee  des  Animaux  domestiques.  Leyh,  A.  F. — 
Handbuch  der  Anatomie  der  Hausthiere,  etc.  Cleland,  John. — 
On  the  structure,  actions  and  morphological  relations  of  the  liga- 
mentum conjugale  eostarum.  Edinburgh  new  Philosophical 
Journal,  April,  1859. 

Structure  in  the  Cat. — In  the  domestic  cat  {Felis  domestica)^ 
the  heads  of  the  ribs  of  the  second  to  the  eleventh  pairs  inclusive 
are  united  across  the  middle  line  of  the  body  in  the  following 
way :  Arising  ft-om  about  the  middle  of  the  head  of  the  rib  is  a 
very  strong  and  dense  ligament,  reminding  one  of  the  ligamentum 
teres  of  the  femur.  If  the  ligament  be  traced,  it  will  be  found  to 
extend  across  the  middle  line  of  the  body  and  attach  itself  to  the 
bead  of  the  opposite  rib.  In  its  passage  from  one  side  of  the 
body  to  the  other,  this  ligament  traverses  the  floor  of  the  neural 
canal,  resting  in  a  groove  formed  on  the  dorsal  aspect  of  the  inter- 
vertebral cartilage.  In. its  passage  through  the  neural  canal,  it  is 
roofed  over  by  the  posterior  common  ligament  so  that  it  is  not 
visible  until  that  is  removed.  Following  Bichat,  this  ligament 
will  be  called  interarticular^  as  it  is  without  doubt  only  a  modifica- 
tion of  the  interarticular  ligament  in  man. 

In  order  to  study  the  structure  and  relations  of  this  ligament  in 
detail  it  is  best  to  take  one  of  the  middle  pairs  of  ribs,  the  sixth 
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pair  for  example,  as  its  development  and  characteristics  are  most 
strongly  marked  in  this  region. 

The  articular  part  of  the  rib  is  pear-shaped,  the  small  end 
pointing  ventrad.  Near  the  middle  of  this  articular  surface  is  a 
marked  depression,  as  large  proportionally  as  that  in  the  head  of 
the  femur  for  the  ligamentum  teres.  The  main  bundle  of  the 
interarticular  ligament  arises  from  this;  but  a  moderately  thin 
part  arises  from  the  head  between  the  main  part  and  the  capsular 
ligament.  This  part  is  very  closely  connected  to  the  capsular 
ligament,  and  seems  to  be  an  offset  from  it.  The  fibres  of  the 
ventral  part  of  the  interarticular  ligament  are  at  first  directed 
nearly  dorsad,  and  then  extend  toward  the  opposite  rib. 

In  the  groove  on  the  dorsal  side  of  the  intervertebral  cartilage, 
the  ligament  becomes  flattened,  and  is  attached  by  loose  fibres 
to  the  posterior  common  ligament  and  by  somewhat  denser  fibres 
to  the  intervertebral  cartilage.  The  surface  resting  in  the  groove 
is  free  and  smooth,  and  both  it  and  the  groove  are  lined  by  an 
extension  of  the  synovial  membrane  of  the  heads  of  the  two 
opposite  ribs.  It  follows  from  this  description  that  the  joints  of 
a  pair  of  ribs  are  connected ;  and  tlie  two  articular  facets  on  the 
head  of  the  same  rib  are  in  communication  with  each  other,  as 
each  communicates  with  the  groove  for  the  interarticular  ligament. 

The  stellate  ligament  is  so  attached  to  the  head  of  the  rib  that  it 
aids  the  interarticular  ligament  in  dividing  the  head  into  two  parts, 
corresponding  to  the  articular  facets  for  the  two  vertebrse  to  which 
it  is  Joined.  Many  of  the  fibres  of  this  stellate  ligament  pass 
across  to  the  opposite  rib,  going  beneath  the  anterior  common 
ligament  as  the  interarticular  passes  beneath  the  posterior  common 
ligament.  There  is  no  groove,  however,  and  the  cross  band  is 
very  intimately  connected  to  the  intervertebral  fibro-cai'tilage. 

Comparison  WITH  MAN.  —  If  the  interarticular  ligament  in  the 
cat  be  compared  to  the  homologous  structure  in  man,  a  marked 
difference  will  be  seen.  In  man  the  ligament  is  plate  like,  and  joins 
the  intervertebral  fibro-cartilage  without  sending  fibres  across  the 
middle  line  to  the  opposite  rib.  It  also  completely  separates  the 
two  articular  facets  on  the  head  of  the  rib,  so  that  each  is  lined  by 
an  independent  synovial  membrane.  In  the  cat,  not  only  do  the 
two  facets  of  the  same  rib  communicate  with  each  other,  but  they 
communicate  with  the  groove  of  the  interarticular  ligament,  and 
through  this  groove,  with  the  joint  of  the  opposite  rib.    That  is, 
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there  is  but  one  synovial  cavity  in  the  cat,  and  four  in  man,  for  a 
single  pair  of  ribs. 

Comparison  with  the  lower  haboi als. — In  comparing  the  cat's 
interarticular  ligament  with  that  of  the  lower  mammals,  it  is 
found  to  differ  from  the  seal  in  being  but  partly  free,  whereas  in 
the  seal  it  is  entirely  surrounded  by  synovial  membrane  (Cleland), 
In  the  horse,  part  of  the  ligament  joins  the  intervertebral  cartilage 
instead  of  all  going  across  to  the  opposite  rib  as  in  the  cat  (Meyer). 

In  the  woodchuck,  some  of  the  ribs  have  the  ligament  fully 
developed,  and  all  of  it  crosses  to  the  opposite  side  as  in  the  cat, 
while  with  others,  part  of  the  ligament  Joins  the  intervertebral 
cartilage  as  in  the  horse. 

Finally,  in  the  musk  rat  the  greater  part  of  the  fibres  are  ^ 
attached  to  the  intervertebral  cartilage ;  but  some  of  them  pass 
across  under  the  posterior  common  ligament  to  the  opposite  side. 
There  is  no  groove  developed,  however,  and  the  transverse  fibres 
are  very  closely  connected  on  all  sides,  as  were  the  transverse 
fibres  in  the  stellate  ligament  of  the  cat. 

List  of  animals  in  which  the  interarticular  ligament  has  been 
observed. — Man  (BicJiat).  Monkey  and  rabbit,  as  in  man  {Meyei*). 
Dog,  cat,  fox,  wolf,  bear,  badger,  horse,  ox  and  pigi  {Meyer). 
Sheep  {Cliauveau).  Lion,  otter,  seal,  weasel  and  squirrel  {Cle- 
land).    Kangaroo,  as  in  man  {Cleland). 

Leopard  (Felis  leopardus)^  mink  (Putorius  ItUreolus)^  raccoon 
(Procyon  lotor)y  musk  rat  {Fiber  zibethicus)^  woodchuck  {Arc- 
tomys  monax)  the  author. 

Functions. — The  office  of  the  interarticular  ligament  seems  to 
be  solely  to  hold  the  heads  of  the  ribs  in  position.  So  strongly  is 
it  developed  in  the  cat,  that  the  head  of  the  rib  will  often  break 
before  the  ligament  will  give  way. 

The  reason  for  the  extension  of  the  band  across  the  middle  line 
from  rib  to  rib,  seems  to  be,  first,  to  give  more  freedom  of  motion 
to  the  ribs,  and  second,  and  most  important,  to  avoid  the  strain 
upon  the  intervertebral  fibro-cartilage  that  would  result  in  violent 
inspiration  if  the  ligament  were  attached  directly  to  it  as  in  man, 
rabbit,  etc. 

Prof.  Meyer,  in  explaining  the  functions  of  the  interarticular 
ligament,  says  that  in  animals  like  man  and  the  rabbit,  where  the 

1  Dr.  Cleland  says  "  tn  the  pig  none  of  the  fibres  of  the  interarticular  ligament  are    . 
prolonged  to  the  opposite  side.''    In  my  own  observations,  I  conid  find  no  fibres  cross- 
ing Arom  one  side  to  the  other.   Is  this  peculiar  to  German  pigs  ? 
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fibres  do  not  pass  from  side  to  side,  it  serves  merely  to  hold  the 
head  of  the  rib  in  the  articular  cavity.  Where,  however,  it  passes 
A*om  the  head  of  one  rib  to  its  fellow  on  the  opposite  side,  it 
serves  to  hold  the  heads  of  the  ribs  in  the  same  relative  position, 
and  to  prevent  the  too  great  lateral  expression  in  violent  inspira- 
tion ;  and  the  generalization  is  made  that  its  development  is 
directly  proportional  to  the  amount  of  twisting  {Drehhewegung) 
of  which  the  spinal  column  is  capable.  It  is  evident  from  the 
position  of  the  articular  facet  for  the  tuberosity  of  the  rib,  and 
the  corresponding  facet  on  the  transverse  process  of  the  vertebra, 
that  any  structure  tending  to  hold  the  head  of  the  rib  in  position, 
would  prevent  lateral  motion  of  the  ribs  beyond  a  certain  degree. 
,  Where  the  ligament  joins  the  heads  of  two  opposite  ribs,  the 
strain  is  {confined  mostl}*^  to  the  ribs  themselves,  and  does  not 
involve  the  intervertebral  fibro-cartilage  as  in  animals  where  the 
ligament  is  attached  directly  to  it. 

His  generalization,  with  reference  to  its  proportional  develop- 
ment in  animals  capable  of  a  great  deal  of  twisting  of  the  spinal 
column,  does  not  seem  to  hold ;  for  it  is  very  strongly  developed 
in  some,  as  for  example  the  horse  and  ox,  in  which  the  movements 
of  the  spinal  column  are  comparatively  limited  ;  and  on  the  other 
hand  it  is  absent  as  a  cross  band  in  the  rabbit,  and  in  monkeys. 
It  certainl}^  seems,  if  his  generalization  were  correct,  that  a  rabbit 
stands  in  greater  need  of  the  ligament  than  its  near  relative,  the 
clumsy  woodchuck. 

One  reason  for  preparing  this  paper  was  to  correct  the  statement 
of  Prof.  Meyer,  that  in  the  cat  only  eight  pairs  of  ribs  (3-10 
inclusive)  possess  this  ligament.  The  fact  is,  with  American  cats 
at  least,  that  the  ligament  is  present  in  ten  pairs  (2-11  inclusive). 

The  more  especial  reason,  however,  was  to  call  attention  to  the 
fact  that  Straus-Durckheim  in  his  magnificent  monograph  of  the 
bones,  ligaments  and  muscles  of  the  cat,  published  in  1845,  nowhere 
mentions  the  existence  of  such  a  ligament.  And  in  his  figure  of 
the  ninth  rib  (plate  XIII,  fig.  17)  the  depression  in  the  head  of 
the  rib  for  the  attachment  of  the  ligament  is  not  shown. 

This  omission  seems  the  more  strange,  as  one,  in  nearly  every 
instance,  finds  correct  this  retrospect  placed  on  the  title  page  of 
his  great  work — "I  believe  I  have  omitted  nothing."  The  omis- 
sion seems  almost  inexplicable  also  when  it  is  considered,  that 
Bichat  bad  described  the  ligament  in  man,  and  Meyer  and  Rigot 
in  animals,  long  before  the  work  of  Durckheim  was  published. 
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A  New  Method   op  demonstrating   the   Thoracic   Duct  ik 
Animals.    Bt  S.  H.  Gage,  .of  Ithaca,  N.  Y. 

The  thoracic  duct  or  great  lymphatic  trunk  which  empties  into 
the  left  subclavian  vein  may  be  demonstrated  in  three  ways :  — 

1.  The  ordinary  way,  by  feeding  the  animal  with  milk  an  hour 
or  two  before  death. 

2.  By  bleeding  well,  and  then  injecting  the  arterial  system, 
while  the  animal  is  warm,  with  fine  gelatin,  colored  with  carmine 
or  aniline.  The  lacteals  and  thoracic  duct  will,  nearly  always,  be 
filled  with  the  red  gelatin.^ 

3.  By  feeding  with  milk  as  in  the  first  case  so  that  the  recep- 
taculum  chyli  may  be  easily  found,  and  then  injecting  the  duct 
from  the  receptacle  with  fine,  colored  plaster  of  paris.  I  am  not 
aware  that  this  method  has  been  previously  employed. 


A  Short  Biography  of  the  Menhaden.  By  6.  Brown  Goode, 
of  Middletown,  Conn. 

The  herring  family  is  represented  on  the  Atlantic  coast  of  the 
United  States  by  ten  species,  all  of  which  swim  in  immense  schools, 
and  several,  such  as  the  sea-hen*ing,  the  shad,  and  the  various 
species  of  the  river  alewives,  are  of  great  economical  importance. 

In  abundance  and  value  these  are  all  surpassed  by  the  roenha- 
den,  Brevoortia  tyrannus  {Latrobe  —  Goode),  a  fish  whose  habits 
are  in  many  respects  anomalous,  and  concerning  which  very  little 
has  been  known  and  written. 

The  menhaden  has  at  least  thirty  distinct  popular  names,  most 
of  them  limited  in  their  use  within  narrow  geographical  bounda- 
ries. To  this  circumstance  may  be  attributed  the  prevailing  igno- 
rance among  our  fishermen  regarding  its  habits  and  migrations 
which  has  perhaps  prevented  its  more  extensive  utilization,  par- 
ticularly in  the  South. 

\  This  fact  was  first  noted  by  Meckel,  and  reported  by  X.  Bichat  in  the  Anatomie 
g^n^rale,  1812,  t.  U,  p.  581. 
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North  of  Cape  Cod  the  name  of  "pogy"  is  almost  universally  in 
use,  while  in  southern  New  England  the  fish  is  known  only  as  ^'the 
menhaden ;"  these  two  names  are  derived  from  two  Indian  words 
of  the  same  meaning ;  the  first  being  the  Abnaki  name  ^^pooka- 
gan,"  or  "poghaden,"  which  means  "  fertilizer,"  while  the  latter  is 
the  modification  of  a  word  which  in  the  Narragansett  dialect  meant 
"  that  which  enriches  the  earth."  About  Cape  Ann,  "  pogy  "  is 
partially  replaced  by  "  hard-head,"  or  "  hard-head  shad,"  and  in 
eastern  Connecticut  by  "bony  fish."  In  western  Connecticut  the 
species  is  usually  known  as  the  white-fish,  while  in  New  York  the 
usage  of  two  centuries  is  in  favor  of  '*  mossbunker."  This  name 
is  a  relic  of  the  Dutch  colony  of  New  Amsterdam,  having  evident* 
ly  been  transferred  from  the  "  scad,"  or  "  horse  mackerel,"  Qar- 
anx  tracJiurus,  a  fish  which  visits  the  shores  of  Northern  Europe 
in  immense  schools,  swimming  at  the  surface  in  much  the  same 
manner  as  our  menhaden,  and  known  to  the  Hollanders  as  the 
"  marshbanker."  New  Jersey  uses  the  New  York  names  with  its 
local  variations,  such  as  "  bunker  "  and  "  marshbanker."  In  Del- 
aware Bay,  the  Potomac  and  the  Chesapeake,  we  meet  with  the 
"alewife,"  "bay  alewife,"  "pilcher"  (pilchard)  and  "green-tail." 

Virginia  gives  us  "  bug-fish,"  "  bug-head,"  and  "  bug-shad,"  re- 
ferring to  the  parasitic  crustacean  found  in  the  mouths  of  all 
southern  menhaden.  In  North  Carolina  occurs  the  name  '^fat- 
back,"  which  prevails  as  far  south  as  Florida,  and  refers  to  the 
oiliness  of  the  fiesh.  In  this  vicinity,  too,  the  names  "yellow- 
tail  "  and  "  yellow-tailed  shad "  are  occasionally  heard,  while  in 
southern  Florida  the  fish  is  called  "  shiner "  and  "  herring."  In 
South  America  among  the  Portuguese  the  name  "  savega "  is  in 
use.  On  the  St.  John's  River,  and  wherever  northern  fishermen 
are  found,  "  menhaden  "  is  preferred,  and  it  is  to  be  hoped  that 
this  name  will  in  time  be  generally  adopted.  A  number  of  trade 
names  are  employed  by  the  manufacturers  in  New  Jersey,  who  can 
this  fish  for  food ;  these  are  "  American  sardine,"  "  American  club- 
fish,"  "  shadine  "  and  "  ocean  trout." 

In  1815  the  species  was  described  by  Mitchell,  of  New  York, 
under  the  name  Clupea  menhaden^  which  has  since  been  com- 
monly accepted.  A  prior  description  by  Latrobe,  in  1802,  long 
lost  sight  of,  renders  it  necessary,  as  I  have  elsewhere  demonstra- 
ted, to  adopt  the  specific  name  tyrannus.  The  genus  Brevoortia^ 
of  which  this  species  is  the  type,  was  established  by  Gill,  in  1861. 


Digitized  by  VjOOQ IC 


BT  G.   BROWN  GOODS.  427 

The  geographical  range  of  Brevoortia  tyrannus  varies  from  year 
to  year.  For  1877  it  was,  so  far  as  it  is  possible  to  define  it  in 
words,  as  follows :  The  wanderings  of  the  species  are  bounded  by 
the  parallels  of  north  latitude  25  and  45  ;  on  the  continental  side 
by  the  line  of  brackish  water ;  on  the  east  by  the  inner  boundary 
of  the  gulf  stream.  In  the  summer  it  occurs  in  the  coastal  waters 
of  all  the  Atlantic  states  from  Maine  to  Florida.  In  winter  only 
south  of  Cape  Hatteras.  The  limits  of  its  winter  migration 
oceanwards  cannot  be  defined  ;  though  it  is  demonstrated  that  the 
species  does  not  occur  about  the  Bermudas  or  Cuba,  nor  presuma- 
biy  in  the  Caribbean  Sea.  In  Brazilian  waters  occurs  a  geographi- 
cal race  of  the  same  species,  Brevoortia  tyrannus^  sub-species 
aurea^  the  Clupanodon  aureus  of  Agassiz  and  Spix ;  on  the  coast 
of  Paraguay  and  Patagonia  by  Brevoortia  pectinata;  in  the  Gulf  of 
Mexico  by  Brevoortia  patronus. 

With  the  advance  of  spring  the  schools  of  menhaden  appear 
near  our  coasts  in  company  with,  and  usually  slightly  in  advance, 
of  the  other  non-resident  species,  such  as  the  shad,  ale  wives,  blue- 
fish  and  squeteague.  The  following  general  conclusions  regarding 
their  movements  are  deduced  from  the  statements  of  about  two 
hundred  observers  at  different  points  on  the  coasts  from  Florida 
to  Nova  Scotia. 

At  the  approach  of  settled  warm  weather  they  make  their  ap- 
pearance in  the  inshore  waters.  It  is  manifestly  impracticable  to 
indicate  the  periods  of  their  movements  except  in  an  approximate 
way.  The  comparison  of  two  localities  distant  apart  one  or  two 
hundred  miles  will  indicate  very  little.  When  wider  ranges  are 
compared  there  becomes  perceptible  a  certain  proportion  in  the 
relations  of  the  general  averages.  There  is  always  a  balance  in 
favor  of  earlier  aiTivals  in  the  more  southern  localities ;  thus  it  be- 
comes apparent  that  the  first  schools  appear  in  Chesapeake  Bay 
in  March  and  April ;  on  the  coast  of  New  Jersey  in  April  and 
early  May ;  on  the  south  coast  of  New  England  in  late  April  and 
May ;  off  Cape  Ann  about  the  middle  of  May,  and  in  the  Gulf  of 
Man  in  the  latter  part  of  May  and  the  first  of  June.  Returning, 
they  leave  Maine  in  late  September  and  October ;  Massachusetts 
in  October,  November  and  December,  the  latest  departures  being 
those  of  fish  which  have  been  detained  in  the  land-locked  bays  and 
creeks ;  Long  Island  Sound  and  vicinity  in  November  and  Decem- 
ber ;  Chesapeake  Bay  in  December,  and  Cape  Hatteras  in  Janu- 
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ary.  Farther  to  the  soath  they  appear  to  remain  more  or  less 
constantly  throughout  the  year. 

A  sti'ange  fact  is,  that  their  northern  range  has  become  consid- 
erably restricted  within  the  past  twenty-five  years.  Perley,  writ- 
ing in  1852,  stated  that  they  were  sometimes  caught  in  consider- 
able numbers  about  St.  John's,  N.  B.,  and  there  is  abundance  of 
other  testimony  to  the  fact  that  they  formerly  frequented  the  Bay 
of  Fundy  in  its  lower  parts ;  at  present  the  eastward  wanderings  of 
the  schools  do  not  extend  beyond  Isle  Au  Haut  and  Great  Dack 
Island,  about  forty  miles  west  of  the  boundaries  of  Maine  and  New 
Brunswick.  They  have  not  been  known  to  pass  these  limits  for 
ten  or  fifteen  3'ears.  They  have  this  year  hardly  passied  north  of 
Cape  Cod,  and  forty  or  more  steamers,  which  have  usually  reaped 
an  extensive  harvest  on  the  coast  of  Maine,  have  been  obliged  to 
return  to  the  fishing  grounds  of  southern  New  England,  where 
menhaden  are  found  as  abundantly  as  ever. 

I  have  elsewhere  shown  the  arrival  of  the  menhaden  schools  to 
be  closely  synchronous  with  the  period  at  which  the  weekly  average 
of  the  surface  temperatures  of  the  harbors  rises  to  51°  F.  That 
they  do  not  enter  waters  in  which,  as  about  Eastport,  Me.,  the 
midsummer  surface  temperatures,  as  indicated  by  monthly  aver- 
ages, fall  below  51°  F.,  and  that  their  departure  in  the  autumn  is 
closely  connected  with  the  fall  of  the  thermometer  to  51°  and  be- 
low. In  1877  a  cold  summer  seemed  to  threaten  the  success  of 
the  Maine  menhaden  fisheries.  In  September  and  October,  how- 
ever, the  temperatures  were  higher  than  in  the  corresponding 
months  of  the  previous  year,  and  the  scarcity  of  the  early  part  of 
the  season  was  amply  amended  for. 

The  season  of  1878  in  Maine  was  fairly  successful,  the  three 
summer  mouths  being  warmer  than  in  1877,  but  cooler  than  in 
1876.  The  absence  of  the  menhaden  schools  north  of  Cape  Cod, 
in  1879,  is  also  easily  explained  by  the  study  of  temperatures,  the 
water  of  the  Gulf  of  Maine,  as  indicated  by  the  observations  made 
in  Portland  harbor.  The  averages  for  the  three  summer  months 
are  as  follows,  the  numerator  of  the  fraction  being  the  average  sur- 
face temperature,  the  denominator  that  of  the  bottom:  1876, 
62.5-57.9 ;  1877,  58.5-56.7;  1878,  61.5-58.1;   1879,  56.1-54.6. 

The  average  for  the  three  summer  months  of  1879  is  less  than 
that  of  June,  1876. 

This  may  perhaps  be  explained  b3r  a  study  of  ocean   temper- 
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atures.  In  August,  1878,  there  was  a  very  rapid  fall  in  the  tem- 
perature of  the  surface,  in  the  Gulf  of  Maine,  so  that  the  average 
temperature  of  that  month  was  less  than  that  of  July,  instead  of 
being  higher,  as  is  usual.  This  may  have  had  the  effect  of  driv- 
ing the  fish  into  the  warmer  water  of  the  bays  and  estuaries.  The 
monthly  averages  for  1876,  1877,  1878,  and  1879  are  as  follows : 

1876— June,  66.9-54 ;  July,  66.7-59.4;  August,  63.9-60.4. 
1877— June,  54.9-53.3  ;  July,  58.1-56.3;  August,  62.4-60.6. 
1878— June,  56.«-55.2  ;  July,  66.9-59.8  ;  August,  60.7-59.9. 
1879— June,  52.9-51.7;  July,  55.9-54.1  ;  August,  59.6-58. 

The  arrival  of  the  menhaden  is  announced  by  their  'appearance 
at  the  top  of  the  water.  They  swim  in  immense  schools,  their 
heads  close  to  the  surface,  packed  side  by  side,  and  often  tier 
above  tier,  almost  as  closely  as  sardines  in  a  box.  A  gentle  rip- 
ple indicates  their  position,  and  this  may  be  seen  at  a  distance  of 
nearly  a  mile  by  the  lookout  at  the  mast-head  of  a  fishing  vessel, 
and  is  of  great  assistance  to  the  seiners  in  setting  their  nets.  At 
the  slightest  alarm  the  school  sinks  toward  the  bottom,  often  es- 
caping its  pursuers.  Sailing  over  a  body  of  menhaden  swimming 
at  a  short  distance  below  the  surface,  one  may  see  their  glittering 
backs  beneath,  and  the  boat  seems  to  be  gliding  over  a  floor  inlaid 
with  blocks  of  silver.  At  night  they  are  phosphorescent.  Their 
motions  seem  capricious  and  without  a  definite  purpose ;  at  times 
they  swim  around  and  around  in  circles ;  at  other  times  they  sink 
and  rise.  While  they  remain  thus  at  the  surface  after  the  appear- 
ance ot  a  vanguard  they  rapidly  increase  in  abundance  until  the 
sea  appears  to  be  alive  with  them.  They  delight  to  play  in  inlets 
and  bays,  such  as  the  Chesapeake,  Peconic  and  Narragansett 
Bays,  and  the  narrow  fiords  of  Maine.  They  seem  particularly 
fond  of  shallow  waters  protected  from  the  wind ;  in  which,  if  not 
molested,  they  will  remain  throughout  the  season,  drifting  in  and 
but  with  the  tide.  Brackish  water  attracts  them,  and  they  abound 
at  the  mouth  of  streams,  especially  on  the  southern  coast.  They 
ascend  the  St.  John's  River  more  than  thirty  miles;  the  St. 
Mary's,  the  Neuse,  the  York,  the  Rappahannock,  the  Potomac, 
nearly  to  Washington,  and  the  Pawtuxent  to  Marlboro.  They 
come  in  with  or  before  the  shad,  and  are  very  troublesome  to  the 
fishermen  by  clogging  their  nets.  I  am  not  aware  that  this  diffi- 
culty occurs  in  northern  rivers,  though  they  are  found  in  the  sum- 
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mer  in  the  Hudson  and  its  tributaries,  the  Hoosatonic,  Mystic, 
Thames  and  Providence  Rivers,  in  the  creeks  of  Cape  Cod,  and  at 
the  mouth  of  the  Merrimack.  A  curious  instance  of  capricious- 
ness  in  their  movements  occurred  on  the  coast  of  Maine,  where 
much  alarm  was  felt,  because  their  habits  were  thought  to  have 
been  changed  through  the  influence  of  seining.  The  shore  fisher- 
men could  obtain  none  for  bait,  and  vessels  followed  them  far  out 
to  sea,  capturing  them  in  immense  quantities  fort}*  miles  from 
land.  The  fisheries  had  produced  no  such  effect  south  of  Cape  Cod, 
and  it  was  quite  inexplicable  that  their  habits  should  have  been  so 
modified  in  the  north.  In  1878,  however,  after  ten  years  or  more, 
they  resumed  their  former  habits  of  hugging  the  shores,  and  the 
menhaden  fishery  of  Maine  was  carried  on,  for  the  most  part,  in 
the  rivers. 

So  conspicuous  a  pre}'  to  men,  birds,  and  other  fishes  is  not 
known.  It  does  not  appear  to  be  for  the  purpose  of  feeding;  per- 
haps the  fisherman  is  right  when  he  declares  that  they  are  playing. 

An  old  mackerel  fisherman  thus  describes  the  difference  in  the 
habits  of  the  mackerel  and  menhaden :  "  Fogies  school  differ- 
ently from  mackerel ;  the  pogy  slaps  with  his  tail,  and  in  moderate 
weather  you  can  hear  the  sound  of  a  school  of  them,  as  first  one 
and  then  another  strikes  the  water.  The  mackerel  go  along 
*  gilling,' — that  is,  putting  the  sides  of  their  heads  out  of  the  water 
as  they  swim.  The  pogies  make  a  flapping  sound  ;  the  mackerel 
a  rushing  sound.  Sometimes  in  calm  and  foggy  weather  you  can 
hear  a  school  of  mackerel  miles  away."  They  do  not  attract  small 
birds  as  do  the  schools  of  predaceous  fish.  The  fish-hawk  often 
hovers  above  them,  and  some  of  the  larger  gulls  occasionally  follow 
them  in  quest  of  a  meal.  About  Cape  Cod  one  of  the  gulls,  per- 
haps LattLS  argentattis^  is  called  "  pogy  gull." 

On  warm,  still,  sunny  days,  the  fish  may  always  be  seen  at  the 
surface,  but  cold  or  rainy  weather  and  prevailing  northerly  or 
easterly  winds  quickly  cause  them  to  disappear.  When  it  is  rough 
they  are  not  so  often  seen,  though  schools  of  them  frequently  ap- 
pear when  the  sea  is  too  high  for  fishermen  to  set  their  nets.  The 
best  days  for  menhaden  fishing  are  when  the  wind  is  northwesterly 
in  the  morning,  dying  out  in  the  middle  of  the  day,  and  springing 
up  again  in  the  afternoon  from  the  southwest,  with  a  clear  sky. 
At  the  change  of  the  wind  on  such  a  day  they  come  to  the  sur- 
face in  large  numbers. 
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A  comparison  tf  the  weather  apon  the  menhaden  and  the  her- 
ring yields  some  curious  results.  The  latter  is  a  cold  water  spe- 
cies.  With  the  advance  of  summer  it  seeks  the  north,  returning 
to  our  waters  with  the  approach  of  cold.  The  menhaden  prefers 
the  temperature  of  60  ^  or  more  ;  the  heiTing  55  ^  and  less.  When 
the  menhaden  desert  the  Gulf  of  Maine  they  are  replaced  by  the 
herring.  Cold  weather  drives  the  former  to  the  warmer  strata, 
while  it  brings  the  latter  to  the  surface.  The  conditions  most 
favorable  on  our  coast  for  the  appearance  of  herring  on  the  sur- 
face, and  which  correspond  precisely  with  those  which  have  been 
made  out  for  the  coast  of  Europe,  are  least  so  for  the  menhaden. 

Their  winter  habitat,  like  that  of  the  other  cold  water  absen- 
tees, has  pever  been  determined.  The  most  plausible  hypothesis 
supposes  that  instead  of  migrating  toward  the  tropics  or  hiber- 
nating near  the  shore,  as  has  been  claimed  by  many,  they  swim 
out  to  sea  until  they  find  a  stratum  of  water  corresponding  to  that 
frequented  by  them  during  their  summer  sojourn  on  the  coast. 

This  is  rendered  probable  by  the  following  considerations: 
1.  That  the  number  of  menhaden  in  southern  waters  is  neither 
less  in  the  season  of  their  abundance,  nor  greater  in  that  of  their 
absence  from  the  north  coast.  2.  That  there  are  local  varieties  of 
the  species,  distinguished  by  physical  characters  almost  of  speci- 
fic value,  by  differences  in  habits,  and  in  the  case  of  the  south- 
ern schools,  by  the  universal  presence  in  the  mouth  of  a  crusta- 
cean parasite,  which  is  never  found  with  those  north  of  Cape  May. 
8.  That  the  same  schools  usually  reappear  in  the  same  waters 
in  successive  years.  4.  That  their  very  prompt  arrival  in  the 
spring  suggests  their  presence  in  waters  near  at  hand.  5.  That 
their  leanness  when  they  first  appear  renders  it  evident  that  they 
have  had  no  food  since  leaving  the  coast  in  autumn.  The  latter 
consideration,  since  they  are  bottom  feeders,  is  the  strongest  con- 
firmation of  the  belief  that  their  winter  home  is  in  the  mid-oceanic 
sub-strata. 

As  is  indicated  by  the  testimony  of  a  large  number  of  observers, 
whose  statements  are  elsewhere  reviewed  at  length,  the  menhaden 
is  by  far  the  most  abundant  species  on  the  eastern  coast  of  the 
United  States.  Several  hundred  thousands  are  frequently  taken 
in  a  single  draft  of  a  purse-seine.  A  firm  in  Milford,  Connec- 
ticut, captured  in  1870,  8,800,000;  in  1871,  8,000,000 ;  in  1872, 
10,000,000 ;  in  1873,  12,000,000  ;  in  1877,  three  sloops  from  New 


Digitized  by  VjOOQ IC 


432  BIOGRAPHT  OP  THB   MBNHADEN  j 

London  seined  13,000,000.  In  1877,  an  unptofitable  year,  the 
Pemaquid  Oil  Company  took  20,000,000,  and  the  town  of  Booth- 
bay  alone  50,000,000.  There  is  no  evidence  whatever  of  any  de- 
crease in  their  numbers,  though  there  can  be  in  the  nature  of  the 
case  absolutely  no  data  for  comparison  of  their  abundance  in  suc- 
cessive years.  Since  spawning  menhaden  are  never  taken  in  the 
nets,  no  one  can  reasonably  predict  a  decrease  in  the  future. 

The  nature  of  the  food  of  the  menhaden  has  been  closely  inves- 
tigated ;  hundreds  of  specimens  have  been  dissected,  and  every 
stomach  examined  by  roe  was  found  full  of  dark,  greenish  or 
brownish  mud  or  silt,  such  as  occurs  near  the  mouths  of  rivers  and 
on  the  bottoms  of  still  bays  and  estuaries.  When  this  mud  is  al- 
lowed to  stand  for  a  time  in  clear  water,  this  becomes  slightly 
tinged  with  green,  indicating  the  presence  of  chlorophyl,  perhaps 
derived  from  the  algae,  so  common  on  muddy  bottoms.  In  addi- 
tion to  particles  of  fine  mud  (he  microscope  reveals  a  few  common 
forms  of  diatoms. 

There  are  no  teeth  in  the  mouth  of  the  menhaden,  their  place 
being  supplied  by  about  1,500  thread-like  bristles,  from  one-third 
to  three-quarters  of  an  inch  long,  which  are  attached  to  the  gill 
arches,  and  may  be  so  adjusted  as  to  form  a  very  effective  strainer ; 
the  stomach  is  globular,  pear-shaped,  with  thick  muscular  walls, 
resembling  the  gizzard  of  a  fowl,  while  the  length  of  the  coiled 
intestine  is  five  or  six  times  that  of  the  body  of  the  fish.  The 
plain  inference  from  these  facts,  taken  in  connection  with  what  is 
known  of  the  habits  of  the  menhaden,  seems  to  be  that  their  food 
consists  in  large  part  of  the  sediment,  containing  much  organic 
matter,  which  gatners  upon  the  bottoms  of  still,  protected  bays, 
and  also  of  the  vegetation  that  grows  in  such  localities.  Per- 
haps, too,  when  swimming  at  the  surface  with  expanded  jaws,  they 
are  able  to  gather  nutritious  food  which  floats  on  the  water. 

Their  rapid  increase  in  size  and  fatness,  which  commences  as 
soon  as  they  approach  our  shores,  indicates  that  they  find  an  abun- 
dant supply  of  some  kind  of  food.  The  oil  manufacturers  report 
that  in  the  spring  a  barrel  of  fish  often  yields  less  than  three 
quarts  of  oil,  while  late  in  the  fall  it  is  not  uncommon  to  obtain 
five  or  six  gallons. 

There  is  still  some  mystery  about  their  breeding  habits ;  thou- 
sands of  specimens  have  been  dissected  since  1871  without  the 
discoveiy  of  mature  ova.    In  early  summer  the  genitalia  are  quite 
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nndeveloped,  but  as  the  season  advances  they  slowly  increase  in 
size  and  vascularity.  Among  the  October  fish  a  few  ovaries  were 
noticed  in  which  the  eggs  could  be  seen  with  the  naked  eye.  A 
school  of  large  fish  driven  ashore  in  November  in  Delaware  Bay 
by  the  blue-fish,  contained  spawn  nearly  ripe,  and  others  taken  at 
Christmas  time  in  Provincetown  harbor,  evidently  stragglers  acci- 
dently  delayed,  contained  eggs  quite  mature.  Young  menhaden 
from  one  to  three  inches  in  length  and  upward  are  common  in 
summer,  south  of  New  York,  and  those  of  five  to  eight  inches  in 
late  summer  and  autumn  in  the  southern  part  of  New  England. 
These  are  in  schools  and  make  their  appearance  suddenly  from 
the  open  ocean  like  the  adult  fish.  Menhaden  have  never  been 
observed  spawning  on  the  southern  coast  and  the  egg-bearing 
individuals  when  observed  are  always  heading  out  to  sea.  These 
considerations  appear  to  warrant  the  theory  that  their  breeding 
grounds  are  on  the  offshore  shoals  which  skirt  the  coast  from 
George's  banks  to  the  Florida  Ke3's. 

Several  writers  have  lately  expatiated  on  the  vast  fecundity  of 
the  menhaden  ;  this  has  not  yet  been  demonstrated.  In  a  pair  of 
immature  ovaries  I  made  out,  by  estimate,  10,000  eggs.  A  large 
mature  fish  would  have  many  more,  but  in  all  probability  the 
number  never  exceeds  40,000, 

Among  the  enemies  of  the  menhaden  may  be  counted  every  pre- 
daceous  animal  which  swims  in  the  same  waters.  Whales  and 
dolphins  follow  the  schools  and  consume  them  by  the  hogshead ; 
sharks  of  all  kinds  prey  upon  them  largely ;  one  hundred  have 
been  taken  from  the  stomach  of  one  shark  ;  all  the  large  carnivo- 
rous fishes  feed  upon  them.  The  tunny  is  the  most  destructive. 
'*I  have  often,"  writes  a  gentleman  in  Maine,  "watched  their 
antics  from  the  mast-head  of  my  vessel ;  rushing  and  thrashing 
like  demons  among  a  school  of  fish;  darting  with  almost  light- 
ning-swiftness, scattering  them  in  every  direction,  and  throwing 
hundreds  of  them  in  the  air  with  their  tails."  The  pollock,  the 
whiting,  the  striped  bass,  the  cod,  the  sqneteagne  and  the  gar-fish 
are  savage  foes.  The  sword-fish  and  the  bayonet-fish  destroy 
many,  rushing  through  the  schools  and  striking  right  and  left  with 
their  powerful  swords.  JThe  blue-fish  and  bonito  are,  however,  the 
most  destructive  enemies,  not  even  excepting  man  ;  these  corsairs 
of  the  sea,  not  content  with  what  they  eat,  which  is  of  itself  an 
enormous  quantity,  rush  ravenously  through  the  closely  crowded 
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Schools,  cutting  and  tearing  the  living  fish  as  they  go,  and  leaving 
in  their  wake  the  mangled  fragments.  Traces  of  their  carnage 
remain  for  weeks  in  the  great  "slicks"  of  oil  so  commonly  seen 
on  smooth  water  in  summer.  Professor  Baird,  in  his  well  known 
and  often  quoted  estimates  of  food  annually  consumed  by  the  blue- 
fish,  states  that  probably  ten  thousand  millions  of  fish  or  twenty- 
five  millions  of  pounds  daily,  or  twelve  hundred  million  millions 
of  fish  and  three  hundred  thousands  of  millions  of  pounds  are 
much  below  the  real  figures.  This  estimate  is  for  the  period  of 
four  months  in  the  middle  of  the  summer  and  fall,  and  for  the 
coast  of  New  England  only. 

Such  estimates  are  professedly  only  approximations,  but  are 
legitimate  in  their  way,  since  they  enable  us  to  appreciate  more 
clearly  the  luxuriance  of  marine  life.  Applying  similar  methods 
of  calculation  to  the  menhaden  I  estimate  the  total  number  de- 
stroyed annually  on  our  coast  by  predaceous  animals  at  a  million 
million  of  millions ;  in  companson  with  which  the  quantities  de- 
stroyed by  man,  yearly,  sink  into  insignificance. 

It  is  not  hard  to  surmise  the  menhaden's  place  in  nature; 
swarming  our  waters  in  countless  myriads,  swimming  in  closely 
packed,  unwieldy  masses,  helpless  as  fiocks  of  sheep,  near  to  the 
surface  and  at  the  mercy  of  every  enemy,  destitute  of  means  of 
defence  and  ofi'ence,  their  mission  is  unmistakably  to  be  eaten. 

In  the  economy  of  nature  certain  orders  of  terrestrial  animals, 
feeding  entirely  upon  vegetable  substances,  seem  intended  for  one 
purpose — to  elaborate  simple  materials  into  the  nitrogenous  tis- 
sues necessary  for  the  food  of  other  animals,  which  are  wholly  or 
in  part  carnivorous  in  their  diet ;  so  the  menhaden  fee<ling  upon 
otherwise  unutilized  organic  matter  is  preeminently  a  meat-pro- 
ducing agent.  Man  takes  from  the  water  eveiy  year  eight  or 
nine  hundred  millions  of  these  fish,  weighing  from  two  hundred  to 
three  hundred  thousand  tons,  but  his  indebtedness  does  not  end 
here :  when  he  brings  upon  his  table  blue-fish,  bonitoes,  weak-fish 
sword-fish,  or  bass,  he  has  before  him  usually  menhaden  fiesh  in 
another  form. 

The  commercial  importance  of  the  menhaden  has  but  lately 
come  into  appreciation.  Twenty-five  years  ago  and  before,  it  was 
thought  to  be  of  very  small  value.  A  few  millions  were  taken 
every  year  in  Massachusetts  Bay,  Long  Island  Sound  and  the 
inlets  of  New  Jersey.    A  small  portion  of  these  were  used  for 
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bait ;  a  few  barrels  occasionally  salted  in  Massachusetts  to  be  ex- 
ported into  the  West  Indies.  Large  qnantitles  were  ploughed  into 
the  soil  of  the  farms  along  the  shores,  stimulating  the  crops  for 
a  time,  but  in  the  end  filling  the  soil  with  oil,  parching  it  and 
making  it  unfit  for  tillage.^  Since  that  time  manifold  uses  have 
been  found.  As  a  bait-fish  this  excels  all  others ;  for  many  years 
much  the  greater  share  of  our  mackerel  was  caught  by  its  aid, 
while  the  cod  and  halibut  fleet  use  it  rather  than  any  other  fish 
when  it  can  be  procured.  The  total  consumption  of  menhaden 
for  bait,  1877,  did  not  fall  below  80,000  barrels,  or  26,000,000  of 
fish  valued  at  $500,000.  Ten  years  before,  when  the  entire  mack- 
erel fleet  was  fishing  with  hooks,  the  consumption  was  much 
greater.    The  Dominion  mackerel  fleet  buy  menhaden  bait  in 

>  Professor  Trumbull  tells  us  that  the  Indian  names  of  BrevoarUa,  ** menhaden'* 
and  **  poghaden  '*  (pogy),  mean  *'  feitillzer/*  that  which  manures,  and  that  the  ludians 
were  accustomed  to  employ  tliis  species,  with  others  of  tlie  herring  tribe  iaummog  and 
munnawfuUeaug)f  mostly  the  alewife  {Pomololm$  pieudoharengu$)^  in  enriching  their 
com- fields.  Thomas  Morton  wrote  in  1632,  of  Virginia :  *'  There  is  a  fish  (by  some  called 
shaddSy  by  some  allizes)  that  at  the  Spring  of  the  yeare  passe  up  the  rivers  to  spawn  in 
the  ponds,  ft  are  taken  in  such  multitudes  in  every  river  that  bath  a  pond  at  the  end 
that  the  inhabitHnts  doung  their  grounds  with  them.  ^  ou  may  see  in  one  town&hip  a 
hundred  acres  togetlier,  set  with  these  flsh,  every  acre  taking  1,000  of  them,  &  an  acre 
thus  dressed  will  produce  and  yeald  as  much  corne  as  three  acres  without  a^h;  ft  (least 
any  Virginea  man  would  infeire  hereupon  that  the  ground  of  New  England  is  barren, 
because  they  use  no  fish  in  setting  their  corne,  I  desire  them  to  be  remembered,  the 
cause  is  plaine  in  Virginea)  they  have  it  not  to  sett.  But  this  practice  is  onely  for  the 
Indian  maize  which  muBt  be  set  by  bands),  not  for  English  grain :  ft  tills  is,  therefore,  a 
commodity  tliere.** 

This  passage  is  very  interesting,  showing  the  use  of  fish  fertilizers  in  Virginia  two 
hundred  and  llfty  years  ago  or  more,  and,  from  what  is  known  of  the  habits  of  tlie 
herring  lamily  in  Virginia  rivers  and  the  persistency  of  local  names,  there  can  be  little 
doubt  that  many  menhaden  were  used  among  the  feitilizing  fl^h,  though  **  shadds  and 
allizes  **  doubtless  includes  the  shad  {Alota  <apid<Mima),  the  mattowocca  {Pomolotmt 
mediocrit).  the  ulewife  (Pomolobus pseudoharenffu*)^  and  the  thread-herring  (Dorotoma 
eeptdianum^  nil  of  which  are  common  in  spring  in  the  Potomac  and  other  rivers  which 
empty  into  Chesapeake  Bay. 

In  Governor  Bradford's  *'  History  of  Pllmoth  Plantation  "  an  account  is  given  of  the 
early  agricultural  experiences  of  the  Plymouth  colonists.  In  April,  1021,  at  the  close 
of  the  first  long  dreary  Winter,  '•  they  (a^  many  as  were  able)  began  to  plant  their  corne, 
in  which  service  Squanto  (an  Indian)  stood  them  in  great  stead,  showing  lliein  both  ye 
manner  how  to  set  it  and  after  how  to  di'e:<8  and  tend  it.  Also  he  tould  them,  nxcepte 
they  got  fish  ft  set  with  it  (in  these  old  grounds)  it  would  come  to  nothing;  and  he 
showed  them  yt  in  ye  middle  of  Aprill  they  should  have  store  enough  cuine  up  ye 
brooke  by  which  they  begane  to  buihl  and  taught  them  how  to  take  it." 

An  allusion  to  the  practice  of  the  Indians  in  this  respect  may  be  found  in  George 
Uourt's  '^Belation  or  Journal  of  the  beginning  and  proceedings  of  the  English  planta- 
tion setUed  at  Plimoth,  in  New  England,  by  certain  English  adventurers  both  mer- 
chants and  others."  ♦  •  ♦  ♦  "  London,  1622 :"  ''We  set  the  last  Spring  some  twenty 
acres  of  Indian  corn,  and  sowed  some  six  acres  of  barley  and  peas,  and,  according 
to  the  manner  of  Indians,  we  manured  our  ground  with  herrings,  or  rather  shads, 
which  we  have  in  great  abundance  and  take  with  great  ease  at  our  doors.    Our  corn 
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quantity,  and  its  valae  has  been  thought  an  important  element  in 
framing  treaties  between  our  government  and  that  of  Great 
Britain. 

As  a  food  resource  it  is  found  to  have  great  possibilities. 
Many .  hundreds  of  barrels  are  sold  in  the  West  Indies  while 
thousands  of  baiTels  are  salted  down  for  domestic  use  by  families 
living  near  the  shore.  In  many  sections  they  are  sold  fresh  in 
the  market.  Within  six  years  there  has  sprung  up  an  important 
industry  which  consists  in  packing  these  fish  in  oil,  after  the 
manner  of  sardines,  for  home  and  foreign  consumption.  In  1874 
the  production  of  canned  fish  did  not  fall  below  500,000  boxes. 

The  discovery  made  by  Mr.  S.  L.  Goodale,  that  from  these  fish 
may  be  extracted,  for  the  cost  of  carefully  boiling  them,  a  sub- 
stance  possessing  all   the  properties  of    Liebig's   "Extract  of 

did  pioTO  well,  and  Qod  be  praised,  we  had  |i  good  increase  of  Indian  com,  and  onr 
barley  indifferent  good."    •    »    •    ♦ 

Again,  in  E  iward  Jotinson'a  "Wonder-working  Providence  of  Sion's  Sayionr  in 
New  England,  Being  a  Relation  of  the  flrste  planting  in  New  England  in  tiie  yeere 
1628,  London,  1654,'*  written  in  165-2,  the  author  says:  "But  the  i.ord  is  pleaded  to 
provide  for  them  [the  colonists]  great  store  of  fish  in  the  Spring  time,  especially  ale- 
wives,  about  the  bignesse  of  a  herring.  Many  thousands  of  these  they  used  to  put 
under  their  Indian  corne,  which  they  plant  in  hills  five  foot  asunder;  and  assuredly 
when  the  Lord  created  thise  come,  hee  had  a  special  eye  to  supply  these  his  people's 
wants  with  it,  for  ordinarily  five  or  six  grains  doth  produce  six  hundred." 

Menhaden  do  not  appear  to  have  been  much  used  by  agriculturists  of  Cape  Cod  in 
the  beginning  of  this  century,  thongh  the  old  record  shows  that  Uie  horse-shoe  crab 
and  sea-weed  were  extensively  applied. 

In  1792,  the  Hon.  Ezra  L.  Uomniedieu,  of  New  York,  published  a  paper  In  the  New 
York  Agricultural  Transactions  which  gives  somewhat  more  accurate  data  and  direc- 
tions concerning  the  use  of  fish  as  a  fertilizer.  He  says :  **  Experiments  made  by  using 
the  flsh  called  menhaden  or  mosbankers  as  a  manure  have  succeeded  beyond  all  ex- 
pectation. •  ♦  ♦  In  dunging  corn  in  the  holes,  put  two  in  a  hill,  on  any  kind  of  soil 
where  corn  will  grow,  and  you  will  have  a  good  crop."  He  recommends  them  as  a  top- 
dressing  for  grass.  "  Put  them  on  a  piece  of  poor  loamy  land,  at  the  distance  of  fif- 
teen inches  from  each  other.  *  *  *  And  by  their  putrefaction  they  so  enrich  the 
land  that  you  may  mow  about  two  tons  per  acre."  But  he  adds  very  wisely:  "How 
long  this  manure  will  last  has  not  been  determined."  He  gives  in  his  quaintly  interest- 
ing way,  an  account  of  **  an  experiment  made  the  last  Summer  by  one  of  my  near 
neighbors,  Mr.  Tnthill,  in  raising  vegetables  with  this  flsh  manure,*'  which  is  worth 
citing  as  an  illustration  of  the  curious  combinations  of  truth  and  error,  which,  in  their 
lack  of  definite  knowledge  of  the  laws  of  plant-growth  and  the  action  of  manui*es,  the 
theorizers  of  that  time  invented. 

The  following  order  (Vom  the  records  of  the  town  of  Ipswich,  Mass.,  May  11, 1644, 
illustrates,  in  a  comical  way, the  customs  of  using  fisli  for  manure  in  these  early  days: 

'*  It  is  ordered  that  nil  doggs,  for  the  space  of  three  weeks  after  the  publishing 
hereof,  shall  have  one  legg  tyed  up,  and  if  such  a  dogg  shall  break  loose  and  be  found 
doing  any  harm,  the  owner  of  the  dogg  shall  pay  damaged  If  a  man  refuse  to  tye  up 
his  dogg's  legg,  and  hee  bee  found  scrapeing  up  flsh  in  a  cornfield,  the  owner  thereof 
shall  pay  twelve  pence  damage  beside  whatever  damage  the  dogg  doth.  But  if  any 
fish  their  house  lotts  and  receive  damage  by  doggs,  the  owners  of  those  house  lotto 
BhaU  bear  the  damage  themselves." 
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beef,"  opens  up  a  vast  field  for  future  development.  As  a  food 
for  the  domestic  animals  in  the  form  of  ''  fish  meal,"  there  seems 
also  to  be  a  broad  opening.  As  a  source  of  oil,  the  menhaden  is 
of  more  importance  than  any  other  marine  animal.  Its  annual 
yield  usually  exceeds  that  of  the  whale  (from  the  American 
fisheries)  by  about  200,000  gallons,  and  in  1874  did  not  fall  far 
short  of  the  aggregate  of  all  the  whale,  seal  and  cod  oil  made  in 
America.  In  1878  the  menhaden  oil  and  guano  industry  employed 
capital. to  the  amount  of  $2,350,000,  3337  men,  64  steamers,*  279 
sailing  vessels,  and  consumed  777,000,000  of  fish :  there  were  56 
factories,  which  produced  1,392,644  gallons  of  oiU  valued  at 
$450,000,  and  55,154  tons  of  crude  guano,  valued  at  $600,000 ; 
this  was  a  poor  year.  In  1874  the  number  of  gallons  produced 
was  3,373,000;  in  1875,  2,681,000;  in  1876,  2,992,000;  in  1877, 
2,427,000.  In  1878  the  total  value  of  manufactured  products  was 
$1,050,000 ;  in  1874  this  was  $1,809,000 ;  in  1875,  $1,582,000 ;  in 
1876,  $1,671,000;  in  1877,  $1,608,000.  It  should  be  stated  that 
in  these  reports  only  four-fifths  of  the  whole  number  of  factories 
are  included.  The  refuse  of  the  oil  factories  supplies  a  material 
of  much  value  for  manures.  As  a  base  for  nitrogen  it  enters 
largely  into  the  composition  of  most  of  the  manufactured 
fertilizers.  The  amount  of  nitrogen  derived  from  this  source 
in  1875  was  estimated  to  be  equivalent  to  that  contained  in 
60,000,000  pounds  of  Peruvian  guano,  the  gold  value  of  which 
would  not  have  been  far  from  $1,920,000.  The  yield  of  the  men- 
haden fishery  in  pounds  is  probably  triple  that  of  any  other  car- 
ried on  by  the  fishermen  of  the  United  States.  In  the  value  of 
its  products  it  is  surpassed  only  by  three  ;  the  cod  fishery,  which 
in  1876  was  estimated  to  be  worth  $4,826,000 ;  the  whale  fishery, 
$2,850,000,  and  the  mackerel  fishery,  $2,275,000.  The  value  of 
the  menhaden  fishery  for  this  year  being  $1,658,000. 

In  estimating  the  importance  of  the  menhaden  to  the  United 
States,  it  should  be  borne  in  mind  that  its  absence  fVom  our  waters 
would  probably  reduce  all  our  other  sea-fisheries  to  at  least  one- 
fourth  their  present  extent. 


Digitized  by  VjOOQ IC 


438        species  of  bosnbak  orangs,  and  theib  habits; 

On  the  Species  op  Bornean  Orangs,  with  Notes  on  Their 
Habits.    By  Wm.  T.  Hornadat,  of  Rochester,  N.  Y. 

A  COMPARISON  of  the  mammalian  fauna  of  Borneo  with  that  of 
the  adjacent  islands  of  the  Malay  archipelago  and  the  Peninsala 
affords  a  most  interesting  and  instructive  study.  This  great  equa- 
torial island  is  the  second  largest  in  the  world,  and  with  an  area 
of  280,000  square  miles  is  equal  to  all  the  Eastern  and  Middle 
States  with  Maryland.  It  is  distant  in  a  direct  line  from  the  main- 
land of  Asia  285  miles,  fVom  Sumatra  the  same  distance,  and  from 
Java  about  150  miles,  yet  the  mammalian  faunas  of  these  several 
localities  are  as  nearly  identical  as  we  have  any  reason  to  suppose 
they  would  be  even  if  that  whole  region  now  formed  one  unbroken 
continent  like  Australia.  If  Hindostan  could  to-day  be  divided  up 
into  three  great  islands  and  a  peninsula,  it  is  almost  certain  that  each 
locality  would  possess  as  many  species  peculiar  to  itself,  and  as 
many  identical  with  those  of  the  other  three  localities  as  do  Borneo, 
Java,  Sumatra,  and  the  Malay  Peninsula*  According  to  Wallace, 
Borneo  possesses,  of  terrestrial  mammals  sixty-two  species,  Java 
fifty-five,  Sumatra  sixty-six,  and  Malacca  sixty-five,  but  with  all 
this  richness  Borneo  possesses  but  sixteen  peculiar  species,  Java 
and  Malacca  only  six  each,  and  Sumatra  only  five.  In  short,  the 
entire  fauna  of  each  so  strongly  resembles  that  of  all  the  others 
as  to  force  upon  us  the  belief  that  at  some  former  period  these 
islands  were  all  directly  connected  with  the  mainland  of  Asia,  and 
formed  another  vast  peninsula  similar  to  Hindostan  at  the  present 
day.  Not  only  this,  but  when  we  note  the  slight  degree  of  varia- 
tion or  else  absolute  identity  of  the  species  which  are  common  to 
two  or  more  of  these  localities,  we  are  further  led  to  believe  that 
their  final  separation  from  the  mainland  and  from  each  other  must 
have  occurred  at  a  comparatively  recent  geological  period.^ 

On  the  other  hand,  Celebes,  which  is  separated  from  Borneo  by 
Macassar  Strait  which  is  only  seventy  miles  wide  at  Cape  Kanion- 
gan,  possesses  only  sixteen  species  of  terrestrial  mammals  all 
told,  of  which  thirteen  are  probably  peculiar  to  the  island,  and  the 
remaining  three  only  belong  to  the  true  Malayan  fauna. 

In  fact,  Borneo  seems  to  be  the  last  and  most  important  link  of 
a  great,  unbroken  chain  of  mammals  which  reaches  down  from 

iWaUaoe. 
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Europe,  along  southern  Asia,  through  India  and  Ceylon,  Burmah 
and  Malayana  to  Borneo,  where  it  is  abruptly  broken  off.  On  the 
islands  to  the  eastward  of  Borneo,  beginning  with  Celebes,  the 
Quadrumana,  Insectivora,  Camivora,  and  Ungulata  diminish 
rapidly  until  they  disappear  altogether.  From  northwestern  Hin- 
dostan  the  mammalia  seem  to  rise  in  the  scale  of  organization 
until  at  this  end  of  the  chain  we  find  a  marked  and  peculiar 
richness  in  species  of  Quadrumana,  Cheiroptera  and  Insectivora, 
especially  the  former. 

This  increasing  richness  of  important  forms  is  most  noticeable 
in  the  Quadrumana.  In  northwestern  Hindostan  we  find  only 
the  common  species  of  Ptesbytis  and  Macacits^  but  in  eastern 
Bengal  occurs  the  Nycticebtis^  or  slow-paced  lemur,  and  in  Ceylon 
and  Madras  the  Loris  gracilis.  In  Burmah  we  find  the  Hylobates^ 
or  gibbon,  and  at  Malacca  and  in  Sumatra  we  find  not  only 
another  species  of  Hylobates,  but  also  the  Siamanga  syndactyla^ 
connecting  link  between  the  gibbons  and  the  orang-utans.  In 
northern  Sumatra  we  find  our  first  specimen  of  the  huge,  man-like 
Simia  uatyr^is.  But  here  its  range  is  very  limited,  its  occurrence 
rare,  and  it  is  not  until  we  reach  Borneo  that  we  find  the  orang- 
utan in  greatest  numbers  and  attaining  the  largest  size.  Borneo 
is  indeed  the  land  of  apes  and  monkeys.  It  contains  thirteen 
species  of  Quadrumana,  including  the  orang-utan  (two  species) 
the  gibbon,  the  slow-paced  lemur,  the  wonderful  proboscis 
monkey  (Nasalia  larvatua^  peculinr  to  the  island),  the  Tarsius' 
spectrum  and  GaliopithecuSy  or  fiying  lemur. 

For  insular  land  Borneo  is  extraordinarily  rich  in  large  and 
important  mammals,  and  we  know  not  what  may  still  be  furnished 
b3'  that  terra  incognita  of  its  northeast  quai'ter,  and  the  whole 
interior,  which,  like  New  Guinea,  is  beckoning  to  naturalists  with 
offers  of  unknown  forms. 

We  now  turn  to  a  brief  consideration  of  the  group  of  anthropoid 
apes.  Leaving  the  genus  Homo  out  of  the  question,  the  orang- 
utan occupies  the  third  place  from  the  highest  in  the  animal 
kifigdom.  The  gorilla  (Troglodites  gorilla)  is  given  the  highest 
place,  next  in  order  is  the  chimpanzee  (T.  niger)^  after  which 
comes  the  orang-utan  (Simia  Wurmbii  and  aatyrus)^  followed  by 
the  Siamanga  syndactUa^  the  link  between  the  orangs  and  the 
gibbons    (Hylobates).      The  orang  well   deserves    the  place  it 
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occupies.  It  agrees  with  the  gorilla  and  chimpanzee  in  positive 
size  and  quality  of  the  brain,  but  its  fore-limbs  as  compared  with 
the  hind  ones  are  longer  than  theirs,  while  they  are  also  propor- 
tionally shorter  than  those  of  the  Siamanga  and  HylobcUea.  The 
heel-bone  (calcaneum)  is  proportionally  longer  in  Simia  than  in 
Hylobates,  and  thus  the  orang  is  more  capable  of  assuming  an' 
erect  posture.  Its  thumb  is  also  better  developed  thiui  that  of 
the  gibbons.  Among  the  higher  apes  the^  orang  comes  nearest 
to  man  in  the  number  of  ribs  (twelve  pairs)  and  form  of  the 
cerebral  hemispheres,  but  differs  from  him  in  other  respects, 
especially  in  the  limbs,  more  than  do  the  gorilla  and  chimpanzee. 

The  chimpanzee  approaches  man  most  closely  in  the  character 
of  its  cranium,  dentition  and  proportional  size  of  its  arms.  The 
gorilla  is  more  man-like  in  the  proportion  of  the  leg  to  the  body, 
size  of  the  heel,  curvature  of  the  spine,  form  of  pelvis  and  abso- 
lute capacity  of  the  cranium.  In  its  habits  the  orang  resembles 
the  gorilla  and  chimpanzee  which  are  not  gregarious,  while  the 
gibbons  are. 

The  most  striking  feature  of  the  orang  is  its  great  size  and 
general  resemblance  to  man.  The  chest,  arms  and  hands  are  es- 
pecially human-like  in  their  size  and  general  outline.  Since  the 
animal  depends  mainly  upon  these  members  for  the  means  of 
locomotion  they  are  necessarily  of  massive  proportions.  The 
natural  position  of  the  human  hand  at  rest  is  with  the  fingers 
slightly  bent  upward  at  the  tips,  but  that  of  the  orang  is  with  the 
fingers  fairly  clenched,  and  when  measuring  our  dead  specimens, 
we  often  found  it  an  absolute  impossibility  to  straighten  even  a 
single  finger  without  cutting  the  tendon  in  the  palm  of  the  hand. 
Thus  when  an  orang  is  asleep  it  is  the  most  natural  position  he 
can  assume  to  be  firmly  grasping  a  branch  with  each  hand. 

Male  individuals  of  the  Simia  Wurmbii  are  distinguished  by 
their  wonderful  cheek  callosities,  each  side  of  the  face  being 
greatly  expanded  and  flattened  into  a  thick,  semicircular  disk  ex- 
tending vertically  from  the  top  of  the  forehead  to  the  angle  of  the 
jaw.  This  remarkable  feature  is  a  purely  sexual  characteristic, 
for  it  is  never  possessed  by  the  female  orangs.  So  far  as  I  have 
been  able  to  determine,  these  facial  callosities  are  purely  ornamen- 
tal, since  they  are  not  controlled  by  voluntary  muscles,  and  are 
composed  merely  of  tough,  white,  semi-cartilaginous  tissue  such 
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as  is  found  in  the  palm  of  the  human  hand.  In  different  individ- 
uals these  callosities  vary  in  width  from  ten  to  thirteen  and  one- 
half  inches. 

The  body  color  of  orangs  varies  greatly  in  individuals,  so  that 
no  importance  can  be  attached  to  it  in  the  determination  of 
species.  As  a  rule,  all  young  orangs  and  nearly  all  females 
have  a  dark  brown  skin  with  palms  of  a  still  darker  brown,  or 
black  in  some  old  females,  while  nearly  all  large  males,  especially 
all  of  the  Simia  Wurmbii  have  black  skins  with  the  more  hairless 
portions  of  the  face  and  hands  and  all  their  palms  of  a  deep, 
shiny  black  very  slightly  tinged  with  brown.  The  faces  and 
palms  of  infant  orangs  are  usually  a  light  brown,  sometimes 
amounting  to  yellowish  brown. 

The  eyes  of  adults  are  always  very  small  indeed,  with  iris  of  a 
dark  chestnut  brown  and  no  white  visible.  The  teeth  are  invaria- 
bly very  much  discolored  by  vegetable  acids  and  juices,  and  the 
base  of  each  tooth  is  always  black. 

The  hair  of  an  orang  is  usually  of  a  brick  red,  varying  to  dark 
red,  and  sometimes  so  light  a  brown  as  to  be  almost  strawcolor. 
Sometimes  the  hair  is  abundant,  coarse  and  ten  to  fifteen  inches  in 
length,  and  in  other  specimens  it  will  be  scanty,  short  and  much 
finer.    The  throat  is  never  really  clothed  with  hair. 

On  most  of  the  Simia  Wurmbii  there  seems  to  be  a  superabun- 
dance of  skin  on  the  throat  and  breast,  for  it  is  often  found  to 
hang  in  a  great  baggy  fold  of  loose  skin.  Externally,  the  orang 
seems  to  have  no  neck  at  all,  the  head  being  set  squarely  down 
upon  the  shoulders.  The  chest  is  massive  to  correspond  with  the 
arms  and  head,  but  the  pelvis  is  small,  and  the  lower  limbs  are 
small,  short  and  comparatively  weak.  The  orang  never  sits  down 
as  do  the  gibbons  and  therefore  it  has  no  ischial  callosities  like 
the  Hylobates. 

There  is  no  ligam^ntum  teres  in  the  orang,  and  the  absence  of 
this  permits  of  great  freedom  of  movement  in  the  lower  limbs. 
Indeed  the  legs  seem  to  possess  almost  as  much  freedom  of  move- 
ment as  th6  arms.  I  have  often  seen  my  little  pet  orang  hang  to 
a  rope  with  one  arm  at  an  angle  of  fully  70^  and  with  the  greatest 
comfort  imaginable  reach  up  with  his  leg  at  the  very  same  angle 
and  grasp  the  rope  with  his  foot. 

Some  authors,  Dr.  Cantor  among  the  number,  attach  some  im- 
portance to  the  facial  resemblances  of  different  orangs.    I  have 
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never  seen  living  specimens  of  the  Sumatran  orang,  but  so  far 
as  Bornean  species  are  concerned  I  am  certain  that  each  individ- 
ual differs  as  widely  from  his  fellows  and  has  as  many  facial  pecul- 
iaritcs  belonging  to  himself  as  can  be  found  in  the  individuals  of 
any  unmixed  race  of  human  beings.  According  to  my  experience, 
orangs  differ  from  each  other  fully  as  much  as  do  either  Chinese 
or  Japanese,  if  not  more. 

The  faces  of  the  more  intelligent  orangs  are  capable  of  a  great 
variety  of  expression,  and  in  some  the  exhibition  of  the  various 
passions  which  are  popularly  supposed  to  belong  to  human  beings 
alone  is  truly  remarkable.  I  had  in  my  possession  in  Borneo  four 
young  living  orangs.  Three  were  dull  and  untractable,  but  the 
fourth  was  a  perpetual  wonder  to  both  Europeans  and  the  natives 
themselves.  I  had  that  little  animal  in  my  possession  for  over 
four  months,  and  for  a  number  of  weeks  it  lived  in  the  room  with 
me  so  that  I  watched  it  almost  constantly.  The  expression  of  its 
face  was  highly  intelligent,  while  the  intellectual  development  of 
its  forehead  and  entire  cranium  would  have  been  quite  alarming 
to  any  enemy  of  the  theory  of  evolution.  This  specimen  was 
a  fine,  healthy  male  infant  from  7  to  8  months  old,  height  22^ 
inches,  extent  of  arms  37  inches,  weight  15^  lbs.  He  exhibited 
ftilly  as  much  intelligence  as  any  child  under  two  years  of  age, 
with  all  the  emotions  of  affection,  dislike,  anger,  fear,  cunning, 
playfulness  and  even  ennui.  When  teased  beyond  endurance  he 
would  first  whine  pitifully,  but  if  continued  he  would  throw  him- 
self upon  the  floor,  kicking  and  screaming  and  catching  his  breath 
as  loudly  and  naturally  as  any  spoiled  child.  He  was  afraid  of 
strangers  as  a  rule,  but  decidedly  attached  to  my  Chinese  servant 
and  myself.  When  alarmed  at  the  presence  of  a  large  dog  or 
other  animal  he  would  shuffle  up  to  me  as  fast  as  possible  and 
climb  with  all  haste  into  my  arms.  While  the  statement  may  seem 
frivolous  in  this  connection,  it  is  really  a  serious  fact  that,,  when- 
ever a  cat  happened  to  come  near  him,  he  would  immediately  grab 
it  by  the  tail  with  the  very  same  action  and  bright  mischievous  ex- 
pression of  countenance  as  we  have  all  seen  in  human  children. 

Male  orangs  are  muclv  given  to  fighting,  as  the  numerous  scars 
upon  some  of  our  specimens  plainly  show.  Being  purely  fruit- 
eating  animals  their  huge  canine  teeth  seem  to  have  been  given 
them  partly  as  weapons  of  defence  and  offence,  and  they  use  them 
to  decided  advantage.    Like  many  roughs  of  the  human  species. 
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they  seem  given  to  attacking  each  other's  fingers  with  their  teeth, 
8int;e  their  jaws  do  not  open  sufficiently  wide  to  seize  an  arm  or 
shoulder  to  good  advantage.  Some  individuals  are  very  pugna- 
cious or  else  sorely  persecuted.  Orang  No.  11,  Simia  Wurmbii^ 
carried  the  scars  of  many  a  hard-fought  battle  in  the  treetops. 
A  piece  had  been  bitten  out  of  the  middle  of  both  upper  and  lower 
lip  leaving  a  great  ragged  notch  in  each,  and  both  his  middle 
fingers  had  been  bitten  off  at  the  second  joint.  Not  only  that, 
but  on  the  feet,  the  third  right  toe  had  been  bitten  off,  as  well  as 
the  fourth  left  toe  and  the  end  of  the  hallux.  This  specimen 
we  named  "The  Desperado." 

Orang  No.  34,  male  Wurmbii^  had  almost  lost  the  edge  of  his 
entire  upper  lip.  It  had  been  bitten  diagonally  across,  but  still 
adhered  at  the  left  corner,  and  the  wound  had  evidently  healed 
very  quickly,  for  that  triangular  piece  of  his  upper  lip  still  hung 
dangling  two  inches  down  from  the  corner  of  his  mouth.  He  had 
also  lost  an  entire  finger. 

No.  36  had  lost  a  piece  out  of  his  upper  lip,  and  his  left  first  toe 
had  been  bitten  quite  off. 

Whenever  my  baby  orang  became  angry  with  me  he  would  if 
possible  seize  me  by  the  wrist  and  draw  my  hand  up  to  his  mouth 
until  he  could  seize  one  of  my  fingers  with  his  teeth ;  but,  while 
he  would  make  a  gi*eat  feint  of  giving  me  a  terrible  bite,  he  knew 
enough  not  to  bite  harder  than  I  could  comfortably  endure.  It  is  the 
natural  instinct  of  an  orang  to  seize  and  bring  the  offending  hand 
of  another  to  its  mouth  instead  of  moving  its  heavy  head  and  body 
to  the  object.  Thus  in  every  imaginable  way  do  the  powerful  and 
capable  limbs  and  hands  serve  the  heavy,  inert  body  and  head 
upon  all  occasions. 

The  genus  Simia  occurs  in  northern  Sumatra,  but  its  distribu- 
tion in  Borneo  is  so  much  more  extensive  that  we  may  well  say 
Borneo  is  the  home  of  the  orang-utan.  There  it  inhabits  that  wide 
belt  of  low,  forest-covered  swamps  which  lies  between  the  seacoast 
and  the  mountain  ranges  of  the  interior,  extending  entirely  round 
the  western  half  of  the  island.'  But  even  this  great  alluvial  plain 
is  inhabited  by  the  orang  in  certain  districts  only,  although  all 
those  portions  which  are  covered  by  lofty  virgin  forests  seem  to 
present  the  same  features.  In  the  Territory  of  Sarawak,  the 
orang,  or  "mias"  as  it  is  called  by  the  natives,  is  found  along  the 
rivers  Batang  Lupar  and  Sadong  and  their  small  tributaries  sucb 
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as  the  Liugga  and  Simujan.  It  does  not  occur  at  all  along  the 
the  Sarawak  or  Samarahan  rivers,  but  farther  west  it  is  found, 
though  more  rarely,  from  the  river  Sambas  to  the  Eapuas,  which 
latter  lies  directly  under  tlie  equator.  It  is  also  found  in  certain 
districts  along  the  south  coast  of  Borneo,  although  its  limits  there 
do  not  seem  to  be  very  clearly  defined. 

Last  year  while  on  a  collecting  expedition  to  the  East  Indies  for 
Prof.  H.  A.  Ward,  I  was  afforded  ample  opportunities  for  studying 
the  habits  of  the  orang-utan  in  its  native  forests.  I  visited  Borneo 
in  the  month  of  August,  1878,  for  the  sole  purpose  of  obtaining 
specimens  of  the  Bornean  Simia^  and  to  study  the  differeut  species 
from  fresh  specimens. 

I  visited  the  Territory  of  Sarawak,  and  for  two  and  a  half 
months  devoted  my  entire  time  and  attention  to  hunting  the  orang 
along  the  river  Sadong,  and  its  tributary  the  Simujan.  This  whole 
region  is  one  vast  swamp,  in  some  places  entirely  inundated  at 
that  season,  covered  everywhere  with  a  dense  growth  of  virgin 
forest.  Isolated  hills  or  mountains  rise  here  and  there  like  islands 
out  of  a  sea,  to  a  height  of  600  to  1000  feet,  clothed  to  their  very 
summits  with  heavy  forest.  Upon  these  hills  grow  many  noble 
fruit  trees,  and  in  the  fruit  season  the  orang-utans  from  the  sur- 
rounding swamps  repair  to  them  for  their  yearly  feast.  Unfortu- 
nately I  arrived  in  the  orang  country  long  after  the  regular  fruit 
season,  and  not  a  single  individual  could  I  find  upon  any  of  the 
hills.  After  diligent  inquiry  amongst  the  Malays  and  Dyaks  we 
learned  that  our  only  chance  of  finding  orangs  was  to  hunt  along 
the  rivers.  The  natives  asserted  that  at  that  season  many  of  the 
orangs  were  attacked  by  fever,  which  led  them  to  visit  the  river 
sides  to  get  the  benefit  of  the  cool  breezes  generally  blowing 
there.  Certain  it  is  that  while  we  hunted  far  and  wide  we  never, 
save  upon  two  occasions,  found  any  orangs  elsewhere  than  close 
to  some  river  or  lake  margin.  Along  the  head  waters  of  the 
Simujan  this  was  accounted  for  by  the  fact  that  they  were  feeding 
upon  the  young  shoots  of  a  species  of  Pandanus  or  screw  pine 
which  we  fouQd  growing  in  the  water  evei-ywhere  above  the  infiu- 
ence  of  the  tide. 

During  the  fruit  season,  which  is  from  the  middle  of  January  to  the 
first  of  May,  the  food  of  the  orang  is  the  durion,  mangosteen  and 
rambutan  which  are  usually  found  upon  the  hills.  There  are  also 
other  fruits  which  ripen  at  different  times,  such  as  the  r4so  and 
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kapay&Dg,  but  of  the  former  the  orangs  eat  the  shoots  only.  Be- 
sides these  they  devour  the  shoots  of  the  Pandanus,  and  also  the 
leaves  of  certain  trees.  During  the  hot  months  of  May,  June  and 
July,  they  retire  far  into  the  depths  of  the  forest  and  are  exceed- 
ingly difficult  to  find,  but  during  the  season  of  the  heaviest  rains, 
I.  e.,  from  August  to  November,  when  the  forests  are  quite  flooded, 
the  orangs  are  found  in  the  vicinity  of  the  rivers. 

I  soon  found  that  the  only  way  to  reach  them  would  be  to  paddle 
upland  down  the  rivers  and  watch  for  them  in  the  treetops. 
Accordingly  I  procured  a  small  Malay  "sampan"  and  two  Malays 
to  paddle  it,  and  our  first  venture  was  up  the  Simujan  river  to 
Padang  lake  at  its  s6urce.  Above  the  influence  of  the  tide  we 
found  the  forest  for  two  or  three  miles  on  both  sides  of  the  river 
completely  flooded  with  water  to  a  depth  of  two  to  five  feet,  and 
had  it  not  been  for  the  underbrush  we  could  have  paddled  about 
through  the  forest  with  the  greatest  ease.  Near  the  source  of  the 
Simujan  river  and  far  beyond  tlie  last  Dyak  village  we  found  great 
numbers  of  old  orang  or  '*mias"  nests,  and  some  which  were  quite 
new. 

The  nest  of  the  orang-utan  consists  of  a  quantity  of  leafy 
branches  broken  oflT  and  piled  loosely  into  the  fork  of  a  tree.  He 
usually  selects  a  small  tree,  a  sapling  in  fact,  and  builds  his  nest 
in  its  top,  even  though  his  weight  causes  it  to  sway  alarmingly. 
He  always  builds  his  nest  low  down,  often  within  twenty-five  feet 
of  the  ground,  and  seldom  higher  than  forty  feet.  Sometimes  it  is 
fully  three  feet  in  diameter,  but  usually  not  more  than  two,  and 
quite  flat  on  the  top.  There  is  no  weaving  together  of  branches, 
for  they  are  merely  piled  crosswise  as  a  natural  consequence  of 
their  being  broken  off  on  different  sides  of  the  nest.  In  short, 
the  orang  builds  a  nest  precisely  as  a  man  would  build  one  for 
himself  were  he  obliged  to  pass  a  night  in  a  treetop  and  had 
neither  axe  nor  knife  to  cut  branches.  I  have  seen  one  or  two  such 
nests  of  men  in  the  forest  where  the  builder  had  only  his  bare 
hands  with  which  to  work,  and  they  were  just  as  rudely  constructed, 
of  just  such  materials  and  in  about  the  same  general  position,  as 
the  average  orang  nest.  Upon  this  leafy  platform  the  orang  lies 
prone  upon  his  back  with  his  long  arms  and  short,  thick  legs  thrust 
outward  and  upward,  firmly  grasping  while  he  sleeps  the  nearest 
large  branches  within  his  reach.     Ou  several  occasions  I  surprised 
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individuals  upon  their  nests,  and  once  I  bad  an  opportunity  to 
watch  an  orang  while  it  constructed  its  resting-place. 

During  one  day's  travel  along  the  Upper  Simujan  river  we 
counted  thirty-six  old  nests  and  six  which  we  set  down  as  new,  or 
fresh.  I  have  never  been  able  to  ascertain  to  a  certainty,  but  it 
is  my  opinion  that  an  orang  after  building  a  nest  sleeps  in  it 
several  nights  in  succession,  unless  he  is  called  upon  to  leave  its 
neighborhood  altogether.  Certain  it  is  that  whenever  a  hunter 
finds  a  perfectly  fresh  nest  he  may  with  confidence  expect  to  find 
the  builder  somewhere  near  it.  An  orang  never  uses  a  nest  after 
the  leaves  become  withered  and  dr^',  no  doubt  for  the  reason  that 
the  bare  branches  afford  an  uncomfortable  resting-place.  I  never 
saw  nor  heard  of  any  house-building  by  orang-outangs,  though  I  am 
led  to  believe  that  some  individuals  may  have  a  habit  of  covering 
their  bodies  with  branches  for  protection  against  the  dashing  of 
the  rain-drops  during  a  heavy  storm.  My  little  pet  orang  would 
invariably  cover  his  head  and  body  with  straw  or  loose  clothing 
the  moment  it  began  to  rain,  even  though  he  was  under  a  roof  all 
the  time. 

We  found  the  orangs  most  numerous  along  the  Simujan  river 
near  its  source.  Our  manner  of  hunting  was  to  make  trips  up 
and  down  the  river  in  our  boat,  paddling  slowly  and  silently  along, 
keeping  a  bright  lookout  and  carefully  examining  every  doubtful 
object  with  the  field-glass.  Sometimes,  in  rounding  a  bend  in  the 
river,  we  would  come  full  upon  a  huge,  black-faced,  red-haired 
animal  reposing  quietly,  or  comfortably  feeding,  and  sometimes 
our  attention  would  be  attracted  merely  by  the  swaying  of  a  small 
treetop  fifty  yards  inland.  If  the  treetop  swayed  slowly,  and 
bodily,  we  knew  it  was  not  done  by  any  but  a  slow-moving,  heavy- 
bodied  animal,  and  the  attack  would  be  begun  at  once. 

On  sighting  an  orang,  the  Malays  would  stop  the  boat  as  quickly 
as  possible,  and,  rising  in  my  place  I  would  fire  at  him  with  ray 
small-bore  rifie,  aiming  to  shoot  him  through  the  chest,  and  thus 
either  kill  him  at  once  or  disable  him  so  that  he  would  be  unable 
to  get  far  away.  The  trees  in  which  we  usually  found  orangs  were 
quite  low,  thinly  leaved  and  far  apart,  so  that  on  several  occasions 
I  succeeded  in  killing  a  large  specimen  with  a  single  bullet.  It 
would,  at  all  times,  have  been  an  easy  matter  to  have  shot  them 
through  their  heads,  but  this  would  have  ruined  their  skulls. 
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As  soon  as  an  orang  was  fired  at,  if  not  killed  outright,  he 
would  begin  climbing  awa}'  with  all  haste.  Being  armed  with  a 
breech-loader  I  could  generally  fire  one  or  two  snap  shots  at  him 
as  he  ran,  before  he  would  be  hidden  from  view.     Then  the  boat- 

4 

men  would  drive  the  boat  into  the  thick  fringe  of  screw  pines 
(Pandanus)  which  always  bordered  both  sides  of  the  river,  and 
with  feverish  haste  their  long,  supple  stems  would  be  thrust  aside 
and  cut  away  until  we  had  forced  a  passage  for  the  boat,  and 
reached  the  more  open  vicinity  of  the  large  trees  where  wading 
became  possible.  Keeping  a  careful  eye  upon  the  direction  taken 
by  our  orang,  we  would  drop  overboard,  holding  the  rifle  and  car- 
tridge-bag above  our  heads,  and  begin  wading  toward  our  intended 
victim.  Usually  we  would  be  waist  deep  in  the  water,  often  it 
came  up  to  our  necks,  and  once  we  went  under  entirely  and  had 
to  swim  a  short  distance.  Being  unemcumbered  it  was  the  special 
business  of  the  boatmen  to  push  ahead  with  all  speed,  find  the 
orang,  and  keep  him  in  view  until  I  could  coihe  up  with  my  rifle. 

In  such  an  unequal  race  as  that,  an  unwounded  orang  would 
have  invariably  escaped  us.  Our  progress  through  the  water 
would  often  be  terribly  impeded  by  submerged  logs  and  trailing 
vines  and  creepers,  but  we  were  always  successful  in  coming  up 
with  our  wounded  orang,  generally  to  find  hiu;i  almost  disabled 
and  greatly  weakened  from  loss  of  blood.  Once  found,  one  or 
two  careful  shots  would  be  sufficient  to  send  him  tumbling  and 
crashing  down  through  the  branches  to  fall  into  the  water  with  a 
tremendous  splash. 

P^ven  under  the  most  favorable  circumstances,  orangs  are 
neither  graceful  nor  active  in  their  movements.  I  think  we  may 
fairly  consider  them  the  most  helpless  of  all  the  Quadrumaua. 
Owing  to  the  great  weight  of  their  bodies,  and  the  peculiar  struct- 
ure of  their  hands  they  cannot  run  nimbly  along  even  the  largest 
branches,  and  never  dare  to  spring  from  one  tree  to  the  next. 
The  smaller  monkeys  go  galloping  madly  along  the  larger  branches, 
with  outspread  arms,  legs  and  tail  leap  recklessly  from  the  tree- 
top,  go  fiying  through  the  air  for  several  yards,  and  fall  sprawling 
and  unhurt  upon  the  side  or  in  the  leafy  top  of  the  next  tree. 
Not  so  the  orang-outang,  with  his  huge,  fiabby  stomach,  fleshy 
thighs  and  massive  head.  His  weight  of  one  hundred  and  twenty 
to  sixty  pounds  compels  him  to  move  slowly  and  circumspectly  so 
that  he  may  not  find  himself  falling  heavily  to  the  ground.     Owing 
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to  the  disproportionate  shortness  of  his  legs,  his  progress  depends 
mostly  upon  his  long,  sinewy  arms,  and  very  often  he  goes  swing- 
ing through  a  treetop  by  their  aid  alone.  Often  I  have  seen 
them  swing  along  the  under  side  of  a  large  limb  as  a  gymnast 
swings  along  a  tight  rope,  reaching  six  feet  at  a  stretch.  When 
passing  from  one  tree  to  another  he  reaches  out  and  gathers  in 
his  grasp  a  number  of  small  branches  that  he  feels  sure  will  sus- 
tain his  weight,  then  swings  himself  across. 

Upon  the  ground  the  orang  is  a  picture  of  abject  helplessness. 
In  their  native  forests  they  are  very  seldom  known  to  descend  to 
the  earth,  and  so  far  as  my  experience  goes  I  have  never  seen 
nor  heard  of  a  single  instance  of  the  kind.  True,  they  climb 
down  when  thirsty  until  they  can  reach  the  water  with  their  hands, 
but  this  occurs  wliere  there  is  no  dry  land  to  walk  upon. 

The  orang-utan  is  utterly  incapable  of  standing  fully  erect 
without  touching  the  ground  with  its  hands.  I  have  seen  many 
orangs  in  captivity,*but  not  one  of  them  ever  stood  erect  upon  its 
bind  legS'for  a  single  instant,  and  for  orangs  to  be  so  represented 
in  drawings  or  museums  is  contrary  to  nature. 

There  has  been  considerable  discussion  in  regard  to  the  maxi- 
mum size  attained  by  the  orang-utan,  and  its  general  measure- 
ments. Mr.  A.  R.  Wallace,  in  his  work  on  the  **  Malay 
Archipelago,"  pp.  72,  et  seq.^  makes  the  following  statements : 

"  I  have  myself  examined  the  bodies  of  seventeen  freshly-killed 
orangs.  ♦  ♦  Of  this  extensive  series  sixteen  were  fully  adult,  nine 
being  males  and  seven  females.  The  adult  males  of  the  large  orangs 
only  varied  from  4  ft.  1  in.  to  4  ft.  2  in.  in  height,  measured  fairly  to 
the  heel,  so  as  to  give  the  height  of  the  animal  if  it  stood  per- 
fectly erect ;  the  extent  of  the  outstretched  arms  ftom  7  ft.  2  in.  to 
7  ft.  8  in. ;  and  the  width  of  the  face  from  10  in.  to  13}  in.  The  di- 
mensions of  other  naturalists  closely  agree  with  mine.  The  largest 
orang  measured  by  Temminck  was  four  feet  high.  Of  twenty-five 
specimens  collected  by  Schlegel  &  Miiller,  the  largest  old  male 
was  4  ft.  1  in.,  and  the  largest  skeleton  in  the  Calcutta  Museum 
was,  according  to  Blyth,  4  ft.  1}  in. :  *  ♦  ♦  ♦  and  no  specimen 
has  yet  reached  Europe  exceeding  these  dimensions,  although  the 
total  number  must  amount  to  over  a  hundred.  ♦  ♦  ♦  On  the  whole, 
therefore,"  concludes  Mr.  Wallace,  "1  think  it  will  be  allowed 
that  up  to  this  time  we  have  not  the  least  reliable  evidence  of  the 
existence  of  orangs  in  Borneo  more  than  4  ft.  2  in.  high." 
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The  total  number  of  specimens  of  the  orang-utan  of  both  species 
killed  by  myself  and  my  hunters  was  forty-three,  every  one  of 
which  I  carefully  measured  while  fresh  and  recorded  each  measure- 
ment the  moment  it  was  made.  I  saved  the  skin  of  every  one  of 
these  specimens,  and  the  skeletons  of  all  save  three  or  four  of  the 
very  youngest  ones.  Of  this  large  number  only  fourteen  males 
were  fully  adult,  i.  e.,  had  reached  a  state  of  perfect  maturity 
as  shown  unmistakably  by  the  disappearance  of  the  frontal  and 
parietal  sutures,  and  the  worn  condition  of  the  teeth.  Of  the 
females  I  shall  consider  only  four  as  fully  adult,  which  fact  is  fully 
proven  by  their  skulls,  and  partly  by  the  presence  of  their  young. 
The  other  females  I  propose  to  leave  out  of  consideration  at  this 
point.  1  shall  lay  special  stress  upon  the  measurements  of  these 
eighteen  adult  specimens,  for  I  consider  this  the  key  to  the 
puzzling  question  of  species. 

In  the  first  place,  no  fewer  than  seven  of  my  specimens  exceeded 
the  maximum  height  for  orangs  as  given  by  Mr.  Wallace,  viz.,  4 
ft.  2  in.,  even  by  the  most  liberal  measurement.  My  largest 
Simia  Wurmbii^  called  "  Mias  chappin  "  by  the  natives,  measured 
4  ft.  6  in.  from  head  to  heel,  and  the  next  in  size  4  ft.  5^ 
in.  Then  a  Simia  satyi'ua^  or  '*  Mias  rombi,"  measured  4  ft.  4 J 
in.,  two  other  Wurmhii  4  ft.  4  in.  and  4  ft.  3  in.  respectively, 
a  satyrua  4  ft.  3  in.  and  a  Wurmbii  4  ft.  2^  in.  Only  one 
specimen  measured  exactly  4  ft.  2  in.,  and  the  remaining  nine  fell 
below  that  height.  One  male  specimen,  with  hair  which  grew  to 
a  length  of  12  to  15  in.  in  some  places,  measures  only  3  ft.  10^^  in. 
in  height.  The  largest  female  measured  only  4  ft.  and  the 
smallest  adult  female  3  ft.  6  in.  These  measurements  were  a 
great  surprise  to  me,  and  feeling  sure  that  sooner  or  later  their 
accuracy  would  be  called  in  question,  I  made  and  recorded  them 
with  unusual  care  and  exactness.  To  obtain  the  height  it  was  my 
practice  to  lay  the  animal  upon  its  back,  with  the  legs  held 
straight  by  an  assistant,  then  holding  the  blade  of  a  large  knife 
flat  against  the  top  of  the  head,  the  blade  was  thrust  perpendicu- 
larly down  into  the  table  or  the  earth.  Then  while  an  assistant 
held  the  top  of  the  head  against  the  first  knife-blade,  1  pressed 
another  blade  firmly  against  the  bottom  of  the  heel  and  thrust  it 
into  the  earth  also.  After  moving  the  animal  aside  a  tape  line 
stretched  between  the  inner  surfaces  of  the  knife  blades  gave  the 
height  of  the  animal  to  within  a  small  fraction  of  an  inch.     Not  a 
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single  figure  was  ever  trusted  to  my  memory  alone,  and  my 
largest  orangs  were  each  measured  and  recorded  twice. 

From  the  subjoined  table  of  measurements  of  the  eighteen 
adult  orangs  we  glean  a  number  of  im|)ortant  facts  which  bear  di- 
rectly upon  the  question  of  species : 


BIMIA  WDRMHH,— "MIA8  CHAPPIN.** 


Height. 

No.  18. 

(f. 

4  a. 

6    in. 

No.  18. 

(f. 

S|   * 

No.  43. 

<f' 

4     * 

No.  25. 

d- 

3     • 

No.   8. 

(f. 

24    * 

No.  21. 

(f. 

2     » 

No.  26. 

(f. 

U    * 

No.  34. 

<f' 

1    • 

No.  30. 

(f. 

1    ' 

No.  20. 

e- 

0     * 

No.  36. 

(f. 

0     * 

No.  11. 

cf. 

101   * 

Spread  of  arm* 
7  ft.  lUin. 

7  "   10|  " 


44'* 
6    " 

2    " 

I" 

4    " 

2    ♦• 


6  "    114  " 

7  "     4  •* 


8IMIA  8ATTRU8,  — "MIA8  SOMBI.' 


HeiglU, 
No.   9.    (f.    4  ft.  44  in. 
No.  88.    (f .    4  "  8   ** 
No.   6.     9.    4  "  0    «« 
No.  86.     9.    8  "  94  " 


Extent  of  arm. 
8ft.O  in. 
7  **  4    •• 


3| 

7 


CiiUed  by  the  natives  **  mia8  kabsar." 


No.  87.    9.    8  ft.  6  in. 
No. 28.     9.    8  "  8|  " 


6  ft.  24  in. 
6  "  24  " 


First,  Of  the  twelve  specimens  which  we  know  by  their  facial 
callosities  and  single  cranial  ridge  to  be  Simia  Wurmbii,  all  are 
males,  which  justifies  the  belief  that  the  females  of  that  species 
have  neither  the  callosities  nor  the  elevated  cranial  ridge. 

Second.  Of  the  four  females  which  we  know  by  the  disappear- 
ance of  their  frontal  and  parietal  sutures  and  the  worn  condition 
of  their  teeth  to  be  fully  adult,  not  one  reaches  the  average  height 
of  adult  males  (4  ft.  2  in.),  and  only  one  female  reaches  the 
height  of  4  ft.,  the  other  three  but  slightlj'  exceeding  3}  ft. 

Third.  Out  of  eighteen  orangs  of  all  species  and  all  known  to 
be  fully  adult,  fourteen  are  males  and  only  four  females.     But 

Fourth.  Of  the  remaining  twenty-five  orangs  (in  our  collection 
of  forty-three),  seventeen  are  females  and  onl}'  eight  males. 

Fifth.  Of  these  seventeen  females,  thirteen  are  of  such  uniform 
size  that  their  variation  in  height  is  all  included  between  3  ft. 
3^  in.  and  3  ft.  d  in.     Hence  we  have  every  right  to  class. these 
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thirteen  females  as  belonging  lo  the  same  period  of  orang  life, 
and  to  believe  that  a  certain  proportion  of  the  number  must  be 
adult.  Taking  all  the  above  facts  into  consideration,  we  reach 
the  inevitable  conclusion  that  in  all  species  of  the  Bornean  orang 
the  average  adult  female  is  very  much  smaller  than  the  average 
adult  male. 

Sixth.  In  our  series  of  forty- three  orangs,  we  find  the  sexes 
equally  represented  by  twenty-two  males  and  twenty-one  females ; 
and  while  we  find  well-marked  external  differences  between  the 
males  of  the  two  species,  there  are  positively  no  well-marked  ex- 
ternal specific  differences  between  the  females  of  Simia  Wurmbii 
and  satyrusy  such  differences  as  do  exist  being  very  slight  and 
purely  structural. 

Seventh,  As  may  be  plainly  seen  from  the  foregoing  table  of 
measurements,  adult  orangs  vary  fully  as  much  in  their  various 
proportions  as  do  human  beings.  For  example,  the  arms  of  No. 
26,  which  stands  4  ft.  1^  in.  high,  are  full  three  inches  shorter  than 
those  of  No.  6,  which  stand  only  4  ft.  No.  9  has  a  short  body 
and  legs  with  very  long  arms,  while  No.  38  has  a  long  body  and 
legs  but  short  arms.  The  breadth  of  the  facial  callosities  of  the 
Wurmbii  bears  no  relation  whatever  to  the  size  of  the  animal. 
The  largest  orang  of  all.  No.  18,  measured  only  11 1  in.  across 
the  face,  while  No.  25,  which  stood  three  inches  shorter,  and  was 
much  smaller  every  way,  measured  13j^  in.  across  the  face. 

According  to  my  experience,  the  color,  quality,  quantity  and 
texture  of  the  hair  have  nothing  whatever  to  do  with  the  determina- 
tion of  species. 

Orangs  are  liable  to  possess  individual  peculiarities  to  a  greater 
extent  than  perhaps  any  other  of  the  apes  or  monkeys.  To  illus- 
trate: No.  26,  Simia  Wurmbii^  with  a  very  prominent  cranial 
ridge  was  utterly  destitute  of  facial  callosities  or  any  sign  of  them, 
and  until  dissection  was  supposed  to  be  a  satyms.  No.  13  has  a 
nail  on  the  hallux  of  its  liinder  hands.  No.  21  has  four  molars  in 
each  side  of  its  lower  jaw  while  the  other  forty-two  orangs  have 
only  three  each.  Such  facts  as  the  above  illustrate  the  inadvisa- 
bility  of  founding  a  species  upon  a  few  peculiarities  observed  in  a 
single  specimen  as  was  the  case  with  the  creation  of  Simia  morio 
by  Prof.  Owen. 

It  will  be  readily  seen  by  an  examination  of  our  series  of  skulls 
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that  orangs  of  both  specie^  vary  exceedingly.  For  example, 
compare  the  narrowness  of  the  interorbital  space  and  the  small 
facial  angle  of  skull  No.  39  with  the  broad  interorbital  space  and 
unusually  great  facial  angle  of  No.  85,  both  of  which  are  Simia 
satyrus.  Compare  skull  No.  11  with  No.  43  and  note  how  the 
orbits  of  the  former  are  lengthened  laterally,  and  of  the  latter 
vertically;  the  sharp  temporal  ridges  of  No.  43  which  meet  in 
front  of  the  parietal  suture  and  form  a  sharp  and  gi-eatly  elevated 
sagittal  crest  which  is  continued  almost  as  far  back  as  the  lamb- 
doidal  crest,  with  the  broad  and  rather  depressed  temporal  ridges 
of  No.  11  which  converge  regularly  until  they  almost  touch  on  the 
top  of  the  cranium,  and  from  thence  immediately  diverge  to  form 
the  lambdoidal  crests.  In  reality  No.  11  has  no  proper  sagittal 
crest  at  all,  although  the  surface  of  the  cranium  is  very  rugose 
and  the  teeth  greatly  worn,  indicating  a  much  greater  age  than 
that  of  No.  43. 

In  the  skull  of  No.  21  we  find  a  still  greater  departure  from 
the  typical  sagittal  crest  of  the  S.  Wurmbii^  as  seen  in  No.  43. 
In  No.  21  the  temporal  ridges  are  very  prominent,  but  they  are  so 
widely  separated  throughout  their  entire  length  that  even  on  the 
top  of  the  cranium,  where  they  are  supposed  to  unite  they  are 
fully  three-quarters  of  an  inch  apart,  thus  resembling,  in  a  meas- 
ure, the  skull  of  the  adult  Simia  satyrus.  Indeed,  if  any  one 
possessed  this  skull  alone  with  no  data  concerning  the  living 
specimen,  it  would  be  a  perfectly  natural  mistake  to  call  this  Simia 
satyrus^  as  described  by  even  the  best  authors;  but  since  we 
have  before  us  three  other  specimens,  Nos.  11,  34,  and  43,  which 
show  how  gradual  is  the  variation  in  individuals  of  the  same 
species  from  the  single,  elevated  sagittal  crest  to  the  two  cranial 
ridges  which  even  at  the  top  of  the  cranium  are  fully  three-fourths 
of  an  inch  apart,  we  see  at  a  glance  that  No.  21  is  Simia  Wurmbii 
as  surely  as  No.  43.  We  may  add  to  this  the  fact  that  No,  21 
was  when  living  a  male  specimen  with  facial  callosities  meas- 
uring thirteen  and  one-half  inches  in  width. 

I  believe  that  with  a  comparative  series  of  skulls  at  hand  it  is 
an  easy  matter  to  refer  any  orang  skull  to  one  or  the  other  of  the 
two  species  Simia  Satyrus  and  Wurmbii,  and  that  too  upon  evi- 
dence which  will  be  apparent  to  the  most  casual  scientific  obser- 
ver.    To  the  very  last  I  have  been  quite  unable  to  find  in  our 
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oollectioD  any  specimen  which  could  upon  any  reasonable  grounds 
be  referred  to  Prof.  Owen's  Simla  morio.  It  is  true  that  the  ex- 
istence of  such  a  species  of  Bornean  orang  is  virtually  admitted 
by  many  naturalists,  and  also  that  the  natives  of  Borneo  are  quite 
positive  in  their  distinction  of  three  kinds  of  mias,  viz.,  mias 
chappin,  rombi  and  kassar.  Now  one  of  the  special  characteris- 
tics of  the  skull  which  Prof.  Owen  describes  as  Simia  morio 
(Proc.  Zool.  Soc.,  1836,  p.  92)  is  the  absence  of  either  sagittal 
crest  or  cranial  ridges  on  the  top  of  the  cranium,  and  yet  he  says 
(p.  93)  : 

'^  There  are,  however,  the  rudiments  of  the  ridges  which  so  re- 
markably characterize  the  cranium  of  the  mature  Pongo.  Those 
which  commence  at  the  external  angle  of  the  frontal  bone  pass 
backwards,  upwards,  and  slightly  converge,  but  do  not  meet ;  they 
gradually  diminish  in  breadth,  and  after  passing  the  coronal  suture 
subside  to  the  level  of  the  skull ;  they  are  then  only  traceable  by 
a  rough  line,  which  leading  parallel  to  the  sagittal  suture,  and 
gradually  bending  outwards,  rise  again  to  be  continued  into  the 
lambdoidal  ridges ;  thus  circumscribing  the  origin  of  the  temporal 
muscles." 

In  his  table  of  measurements.  Prof.  Owen  records  the  "  distance 
between  temporal  ridges  "  as  only  seven  lines,  or  a  little  more  than 
half  an  inch. 

Another  distinctive  characteristic  of  the  Simia  morio  is  its 
diminutive  size,  being  generally  considered  one-third  smaller  than 
the  adult  males  of  the  other  two  species.  This  would  give  it  a 
height  scarcely  exceeding  three  feet.  Strange  to  say  however,  we 
have  no  record,  so  far  as  I  have  been  able  to  discover,  of  the  ex- 
istence of  a  single  cranium  or  other  specimen  of  the  adult  male 
Simia  morio.  This  fact  is  full  of  significance  when  taken  in  con- 
nection with  that  of  the  very  small  size  of  nearly  all  female  orangs. 

Now  we  have  three  skulls  of  specimens  which  were  called  Mias 
kassar  (i.  e.,  Simia  morio)  by  the  Bornean  natives.  No.  28  is  the 
skull  of  an  old  female  which  was  3  ft.  8f  in.  high.  A  dissection 
of  this  specimen  revealed  a  well-developed  foetus.  The  next  skull, 
No.  17,  is  clearly  a  satyrus^  and  so  very  young  as  to  be  scarcely 
entitled  to  consideration.  The  other,  No.  85,  is  of  a  very  old 
female,  which  stood  3  ft.  9^  in.  high. 

Let  us  compare  these  with  the  other  female  skulls  in  our  series. 
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No.  6  is  of  a  female  Simla  WurmhiU  four  feet  high,  but  the  tem- 
poral ridges,  like  those  of  Prof.  Owen's  specimen,  "subside  to  the 
level  of  the  skull  soon  after  passing  the  coronal  suture,  and  are 
then  only  traceable  by  a  rough  line."  This  description  applies 
exactly  to  both  6  and  28,  and  it  is  plain  to  be  seen  that  if  the  lai^e 
one  is  Simla  Wurmbii^  which  we  know  it  to  be,  then  the  other  is 
of  that  species  also.     In  short,  the  two  are  identical. 

No.  35,  the  other  adult  mias  kassar,  is  clearly  an  S,  saiyrvs^  as 
is  plainly  indicated  by  the  two  rough  temporal  lines  on  the  skull 
which  coiTcspond  exactly  to  the  two  elevated  ridges  on  the  skull 
of  the  adult  male.  No  female  skull  in  our  collection  possesses 
either  the  two  continuous  temporal  ridges  or  the  sagittal  crest,  but 
every  adult  female  skull  exhibits  the  rough  lines  corresponding  to 
the  elevated  ridges  of  the  males,  and  clearly  designate  either  the 
species  S.  Wurmhii  or  satyrus  in  every  case.  It  is  my  impression 
that  the  skull  described  by  Prof.  Owen  as  Simia  m^orio  was  simply 
a  female  Wurmbii  (below  the  average  size  ?)  in  wixich  the  temporal 
ridges  did  not  quite  meet,  as  is  shown  in  skull  No.  II,  and  still 
more  strikingly  in  skull  No.  21,  where  they  do  not  approach  each 
other  even  upon  the  top  of  the  skull,  nearer  than  full  three-fourths 
of  an  inch. 

Hence  we  see  that  our  entire  series  of  forty-three  specimens 
furnishes  not  a  single  one  which  can  be  considered  as  belonging 
to  any  other  than  the  two  species  Simia  Wurmbii  and  sdtyrusy 
although  it  is  a  significant  fact  that  these  specimens  were  all  col- 
lected in  the  very  district  which  has  ftirnished  all  the  specimens  of 
the  so-called  S,  morio.  While  it  is  certainly*  possible  that  in 
making  this  large  collection  we  could  have  failed  to  secure  even 
a  single  specimen  of  a  species  existing  in  that  locality,  it  is  so 
highly  improbable  that  I  am  convinced  no  third  species  exists 
there,  neither  any  animal  which  could  upon  any  tenable  grounds 
be  considered  even  a  distinct  vanety  of  either  of  the  two  existing 
species. 

We  will  not  say  anything  about  the  part  of  orangs  in  the  long 
chain  of  evolution,  for  we  feel  that  no  one  present  will  wish  to 
admit  his  or  her  relationship.  But  while  abstract  argument  leads 
hither  and  thither  according  as  this  or  that  writer  is  most  ably 
gifted  for  the  same,  there  is  still  one  argument  or  influence  to 
which  every  true  naturalist  is  amenable,  and  which  no  one  will 
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ignore  who  has  studied  from  nature  any  group  of  natural  forms* 
Let  such  an  one  (if  indeed  such  an  one  exist  to-day)  who  is 
prejudiced  against  the  Darwinian  views  go  to  the  forests  of 
Borneo.  Let  him  there  watch  from  day  to  day  this  strangely 
human  form  in  all  its  various  phases  of  existence.  Let  him  see  it 
climb,  walk,  build  its  nest,  eat  and  drink  and  fight  like  human 
roughs.  Let  him  see  the  female  suckle  her  young  and  carry  it 
astride  her  hip  precisely  as  do  the  coolie  women  of  Hindostan. 
Let  him  witness  their  human-like  emotions  of  affection,  satisfaction^ 
pain  and  childish  rage, — let  him  see  all  this  and  then  he  may  feel 
how  much  more  potent  has  been  this  lesson  than  all  he  has  read  in 
pages  of  abstract  ratiocination. 


Philosophy  of  the  Pupation  of  Butterflies  and  particularly 
OF  the  Nymphalid^.  By  Charles  V.  Riley,  of  Washing- 
ton, D.  C. 

[FULL  ABSTRACT.] 

The  comparatively  sudden  transitions  from  one  state  to  another 
in  insects  have  always  excited  the  keenest  interest.  I'he  change 
from  larva  to  chrysalis  in  those  butterflies  known  as  suspensi,  and 


Fio.  1.— Ideal  figures  of  DanaU  archipptu^  illnstratfng  the  method  of  pnpation  for- 
merly accepted :  a,  suspended  larva ;  b,  forming  chrysalis  with  shriyelled 
larra  skin;  o,  method  of  holding  akin  during  the  last  critical  act  (Alter 
Riley.) 

which  in  the  chrysalis  state  hang  from  the  tip  of  the  body,  has, 
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perhaps,  been  looked  upon  as  the  most  wonderful.  The  prelimi- 
nary acts  in  the  performance  have  been  pretty  well  observed  and 
described  by  various  authors  since  the  days  of  Vallisneii,  the  larva 
hanging  by  the  anal  end,  turaing  up  the  anterior  part  of  the  body 
in  a  more  or  less  complete  curve,  and  the  skin  finally  splitting  from 
the  head  to  the  front  edge  of  the  metathoracic  joint  and  being 
worked  back  in  a  shrivelled  mass  toward  the  point  of  attachment. 
Now  comes  the  critical  feat  which  has  most  puzzled  naturalists, 
viz.,  the  independent  attachment  of  the  chrysalis  and  the  with- 
drawal from  and  riddance  of  the  larval  skin  which  such  attach- 
ment implies. 

Reaumur  explained  it  in  1784  by  the  clutching  of  the  larval  skin 
between  alternate  sutures  of  the  soft  joints  of  the  chrysalis,  and 
his  happy  and  circumspect  account,  from  observations  made  on 
Vanessa  urticoe^  has  formed  the  basis  for  subsequent  accounts ;  or, 
at  least,  no  one  obtained  a  deeper  insight  into  the  philosophy  of 
the  act  until,  some  two  years  since,  Dr.  J.  A.  Osborne,  of  Milford, 
England,  discovered  that  a  distinct  membrane  is  concerned  in  it. 
In  casual  observations  of  the  process  I  had  long  become  convinced 
that  the  popular  accounts  were  crude  and  inaccurate,  and  had  pre- 
served specimens  in  the  act  of  transforming  for  future  study  ;  but 
the  philosophy  of  the  change  cannot  be  satistactorily  made  out 
from  alcoholic  specimens  alone,  nor  from  the  stud}'  of  one  species. 
The  present  paper  is. based  on  observations  made  on  species  in 
more  than  a  dozen  genera,  the  conclusions  having  been  partially 
presented  last  June  to  the  Philosophical  Society  of  Washington. 

The  body  of  the  larva  is  composed  (exclusive  of  the  head)  of 
twelve  segments  or  joints  and  a  subjoint.  It  is  with  this  subjoint 
that  we  have  here  to  deal,  for  to  it  are  appended*  the  anal  prolegs 
beneath,  and  the  anal  plate  above  the  rectum. 

If  we  carefully  examine  the  anal  plate  of  the  larvaj  of  the  true 
suspensiy  we  shall  find  that  while  it  differs  in  form  it  has  one  feat- 
ure in  common,  viz.,  the  being  furnished  dorsally  and  posteriorly 
with  numerous  short  spines  and  points,  generally  retrorse,  or  so 
placed  that  the  larva  can  make  use  of  them  in  suspending.  These 
special  spines  on  the  anal  plate  are  only  fully  developed  after  th^ 
last  larval  moult,  being  more  or  less  obsolete  in  the  earlier  stages, 
and  the3'  are  also  under  muscular  control.  Even  in  the  succinctly 
where,  as  a  rule,  the  anal  plate  is  not  specialized,  spines  are 
nevertheless  sparsely  found,  especially  on  the  hind  border. 
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All  writers  that  I  have  consulted  speak  of  the  larval  suspension 
being  due  to  the  entanglement  of  the  hooks  of  the  anal  prolegs  in 
the  silk,  anjd  do  not  mention  the  use  of  the  anal  plate,  for»which 
the  hillock  of  silk  is  sometimes  spun  in  special  form.^ 

'The  normal  form  of  this  hillock  may  be  likened  to  that  of  an 
inverted  settee,  or  shoe,  or  to  a  ship  knee,  and  one  of  the  most 
interesting  acts  of  the  larva,  preliminary  to  suspension,  is  the 
bending  and  working  of  the  anal  parts  in  order  to  fasten  the  back 
of  the  plate  to  the  inside  of  the  back  of  the  settee,  while  the 
crotchets  of  the  legs  are  entangled  in  the  more  flattened  position 
or  seat.  In  some  cases  (as  in  Dana  is)  ^  the  hillock  of  silk  is  more 
elongate,  and  the  spines  of  the  truncate  plate  occur  most  around 
the  lower  margin,  and  even  beneath  it,  so  that  in  fastening  them 
the  larva  seems  to  be  drawing  the  silk  up  the  rectum.  In  other 
cases  (as  in  Euptoieta)^  the  plate,  in  addition  to  the  spines',  has  a 
prominent  tubercle  on  each  anterior  outer  boi*der,  well  calculated 
to  lock  securely  into  the  silk.  After  suspension,  and  as  the  fluids 
gravitate  anteriorly,  the  silken  hillock  becomes  more  conical  (the 
threads  being  loosely  spun  and  elastic),  and  the  hooks  both  of  the 
plate  and  the  prolegs  hang  more  loosely  from  it. 

In  the  final  getting  rid  of  the  larval  skin  and  attachment  of  the 
chrysalis  there  are  concerned : 

Ist.  Certain  features  belonging  to  the  larva  and  cast  off  with 
its  skin.  2d.  Those  belonging  to  the  chrysalis ;  and  to  explain 
intelligibly  the  process  it  is  necessary  to  characterize  and  homolo- 
gize  these  parts  more  fully  than  has  hitherto  been  done. 

In  the  former  category,  in  addition  to  the  natural  adhesiveness 
of  the  moist  and  mucous  sepai*ating  membrane,  there  are  three 
physiological  factors  concerned :  1st.  The  trachecU  ligaments  (Fig. 
2,  tl)^  or  the  shed  trachece  from  the  last  or  ninth  pair  of  spiracles, 
which  uniformly  become  blind  or  obsolete  in  the  chrysalis ;  2d. 
The  rectal  ligament  (Fig.  2,  W),  or  shed  intestinal  canal ;  3d.  The 
Osborne  or  retaining  membrane  {membrana  retinens^  Fig.  2,  mr)^ 

^It  is  an  Interesting  fact  in  this  connection  that  Rdsel,  who  has  never  bad  any  supe- 
rior as  a  delineator  of  insect  larvflB,  makes  the  Nymphalids  in  his  figures  all  suspend  to 
an  elongate,  conical  piece  of  silk,  apparently  issuing  ttom  the  anus,  with  the  legs  in* 
variably  ft'ee  and  in  no  instance  hooked.  It  is  evident,  however,  ttom  his  text,  that  he 
was  not  aware  of  the  use  of  the  anal  plate,  and  since  he  speaks  of  the  larv»  attaching 
themselves  by  the  hind  legs  or  extremity,  it  is  equally  evident  that  his  figures  do  not 
correspond  with  the  text;  while  the  freedom  of  the  legs  in  his  figures,  is,  of  course,  an 
error. 
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which  is  but  a  stretched  part  of  the  mucoas  membrane^  that  acca- 
mulates  around  the  rectum  and  in  the  anal  prolegs,  and  that  is  in- 
timately connected  with*  the  rectal  ligament. 


FlQ.  2.— Shrunken  larvnl  skin  of  Vanetsa  aniiopa,  cut  open  Aroni  the  back,  and  show- 
ing {mr)  the  retaining  membrane,  (W)  the  rectal  ligament,  and  (ti)  the  tra- 
cheal ligaments.    (Atier  Riley.) 

In  the  second  category  we  have  the  structural  features  of  the 
chrysalis.  (See  Figs.  3,  4,  5,  where  corresponding  parts  are 
similarly  lettered.)     These  are : 

Fii'st,  The  cremaster  proper  (c),  which  is  the  homologue  of  the 
anal  plate  of  the  larva,  and  the  form  of  which  is  foreshadowed  in 
that  of  said  anal  plate.  This  cremaster  assumes  a  great  variety 
of  different  forms,  but  in  general  may  be  said  to  be  a  tapering 
piece,  more  or  less  incurved  ventral ly,  and  having  the  ventral  and 
dorsal  margins  thickened  or  ridged,  and  these  ridges  may  be  re- 
spectively called  the  ventral  and  the  dorsal  cremastral  ridges  (vcr 
and  dcr).  This  cremaster  is  surmounted  at  the  apex  and  some- 
times along  the  ventral  ridges  by  what  may  be  called  the  cremastr^ 

*I  designate  by  this  name  the  colorless  lining  of  the  larval  skin  that  separates  ttom 
the  forming  chrysalis.  If,  as  recent  physiological  research  indicates,  it  is  only  the 
outer  half  of  the  outer  or  epidermic  layer  of  the  skin  (euticnla  of  modem  histologists) 
which  is  cast  off  in  the  exuviation  of  invertebrates,  then  this  mucous  lining  is  devel- 
oped  between  the  two  separating  layers  of  said  cuticula. 
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Jiook-pad  (c/ip),  thickly  studded  with  minute  but  stout  hooks, 
which  are  sometimes  compound  or  furnished  with  barbs,  veiy  much 
as  are  some  of  our  fishing  hooks,  and  which  are  most  admirably 
adapted  to  the  purpose  for  which  they  are  intended. 


Fio.  8.— Ideal  representation  of  the  anal  subjoint  of  Fanesia  antiopoj  fVom  behind,  with 
the  spines  removed  and  all  the  parts  forced  apart  by  pressure  so  as  to  show 
the  homologies  of  the  parts  in  the  chi'ysalis  which  are  concerned  in  pupa* 
tion ;  homologies  indicated  by  corresponding  letters  in  Fig.  4,  except  that  r 
(the  rectum)  corresponds  With pr  in  Fig.  4.    (After  Riley.) 

Secondly,  We  have  the  sustainers  (sustentores)  ^  two  projections 
which  homologize  with  the  soles  (plantoe)  of  the  anal  prole^s ;  and 
which  take  on  various  forms  (s),  but  are  always  directed  forward 
so  as  easily  to  catch  hold  of  the  retaining  membrane.  In  the 
yellow  butterflies  (as  Calydrias^  Terias,  Colias)^  where  the  body 
of  the  ciirysalis  is  so  thrown  back  that  mere  projecting  tubercles 
would  not  suflice,  we  find  them  transformed  into  actual  hooks  (Fig. 
5,  8  and  E)  ;  while  in  some  of  the  sucdncti  they  are  little  more 
than  a  thickening  of  the  anterior  margin  of  the  subjoint.  In  all 
Lepidopterous  pupae  these  remnants  of  the  anal  prolegs  are  more 
or  less  indicated,  while  in  certain  moths  {PterophoridcB)^  where 
the  pupa  is  partly  suspended  as  it  is  in  the  Nymphalidce,  they  are 
covered  with  long  hooks  similar  to  those  at  the  tip  of  the  cremaster 
and  to  those  which,  in  the  larva,  armed  the  hind  plantse. 

Thirdly,  We  have  what  may  be  called  the  sustentor  ridges  (sr)^ 
usually  connected  with  the  sustainers,  and  embracing  them  on  the 
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outside,  and  extending  backward  to  the  inside  of  the  ventral 
cremastral  ridges,  and  sometimes,  as  in  Paphia  (Fig.  5,  B)  and 
Limenitis^  there  forming  quite  a  deep  notch,  which  doubtless 
assists  in  catching  hold  of  the  larval  skin  in  the  efforts  to  attach 
the  crera  aster.  These  sustentor  ridges  are  homologous  with  the 
limb  of  the  anal  prolegs,  and  the  exposed  edge  with  the  posterior 
border  of  said  limb.  They  vary  much  in  form,  and  may  be  more 
or  less  obsolete. 

Fourthly,  Between  them  is  what  may  be  called  the  rectcU  piece 
(rj9),  consisting  of  a  piece  more  or  less  well  marked  and  elevated, 
especially  around  the  closed  rectum. 

It  is  principally  by  the  leverage  obtained  by  the  hooking  of  the 


FiQ.  4.— Ajial  parts  of  chiysniis  of  Vanesta  antiopa,  Just  prior  to  final  extraction  ttom 
shrunken  larval  skin :  c,  oremaster;  chpy  cremastral  hook*pad;  A,  one  of  the 
hooks  more  enlarged ;  vcr,  ventral  cremastral  rirlge ;  dcry  dorsal  cremastral 
ridice;  Zr,  larval  rectum;  pr,  pupal  rectum;  rp,  rectal  plate;  «r,  sustentor 
ridges;  «,  sustentores;  mr,  membrana  retinens;  W,  rectal  ligament;  U^  tra- 
cheal ligament;  the  lUh  or  last  spiracle  bearing  Joint  and  the  12th  Joint 
being  numbered.    (After  Riley.) 

sustainers  in  the  retaining  membrane,  which  acts  as  a  swinging 
fulcrum,  tliat  the  chrysalis  is  prevented  from  falling  after  the 
cremaster  is  withdrawn  from  the  larval  skin.  It  is  also  principally 
b}'  this  same  means  that  it  is  enabled  to  reach  the  silk  with  the 
cremastral  hook-pad.  Yet  the  rectal  ligament  plays  a  most  im- 
portant part,  and  in  some  species  a  more  important  part  even,  in 
my  estimation,  than  the  membrane  itself.  The  tracheal  ligaments, 
which,  from  a  study  of  specimens  plunged  in  alcohol  when  the 
larval  skin  was  about  half  shed,  I  was  at  first  inclined  to  believe 
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important  anxiliaries,  are,  I  am  now  satisfied,  of  very  little  or  no 
service  in  most  cases.  The  rectal  ligament  is  a  constant  physio- 
logical factor,  and  its  importance  cannot  be  ascertained  by 
attempts  to  sever  the  membrane  at  the  critical  moment,  because 
in  such  attempts  the  ligament  is  more  or  less  drawn  out  beyond 
the  power  of  the  sphincter  muscles  in  the  chrysalis  to  control  it. 


Pio.  5.— ^,  chiysalls  of  Teritu;  J,  posterior  end  of  chrysalis  of  Paphia;  C,  do.  of 
Danais;  E,  one  of  the  sufitainere  of  TeriaSt  greatly  enlarged  to  show  its 
hooke<l  nature;  aU  the  parts  of  subjoint  lettered  to  correspond  with  Fig.  4. 
(After  RUey.) 

Dissected  immediately  after  suspension,  the  subjoint  of  the 
larva  will  be  found  to  be  bathed,  especially  between  the  legs  and 
around  the  rectum,  in  an  abundance  of  translucent,  membranous 
material.  An  hour  or  moi-e  after  suspension  the  end  of  the  form- 
ing chrysalis  begins  to  separate  from  the  larval  skin,  except  at 
the  tip  of  the  cremaster  (see  Fig.  6,  b).  Gradually  the  skin  of 
the  legs  and  of  the  whole  subjoint  stretches,  and  with  the  stretch- 
fng,  the  cremaster  elongates,  the  rectal  piece  recedes  more  and 
more  from  the  larval  rectum,  and  the  sustcntor  ridges  diverge 
more  and  more  from  the  cremaster,  carrjnng  with  them,  on  the 
sustainers,  a  part  of  the  soft  membrane.  If  a  larva  be  carefully 
dissected  at  this  stage,  the  forming  membrane  may  be  raised  with 
the  point  of  a  needle  and  stretched  so  as  to  show  its  conrtection 
with  the  rectal  ligament  (Fig.  6,  d) ;  or  it  may  be  lifted  entirely 
from  the  retainers,  when,  by  its  elasticity,  it  contracts  and  be- 
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comes  more  or  less  fully  absorbed  in  the  rectal  ligament  (Fig.  6, 
e).  It  is  at  this  stage  that  the  strength  of  the  latter  may  be  fully 
tested,  and  if  the  chrysalis,  flayed  from  the  larval  skin  and  freed 
from  the  retaining  membrane,  be  grasped  in  the  neighborhood  of 
the  rectum  so  as  to  supply  Uie  natural  holding  power  of  the 
sphincter  muscles,  the  rectal  ligament  will  sustain,  as  I  have  abun- 


Fio.  6.—  Pupation  of  nuTTEnFUEs :  a,  nttacliment  of  larva  of  DanaU  arehippug; 
p,  do.  of  Paphki  glycerium;  6,  ideal  larva  soon  after  eui'iicnsion ;  d,  do.  a  few 
hoiirB  Inter,  the  needle  (n)  separating  the  forming  membrane  from  the  e^ns* 
tainers;  I,  do.  Just  before  splitting  of  larval  skin,  with  retaining  membrane 
loosened  from  the  snstainers  ami  showing  its  connection  both  with  the 
larval  and  pupal  rectum.  In  all  the  figures  the  Joints  of  body  are 
numbered;  the  forming  chrysalis  is  shaded  in  transverse  lines;  the  inter- 
vening  space  between  it  and  larval  skin  is  dotted;  h  Is  the  hillock  of  silk; 
hL  hooks  of  hind  legs;  op,  anal  plate;  2r,  larval  rectum;  pr,  pupal  rectum; 
fnr,  retaining  membrane;  c,  cremaster;  «,  fiustainers.    (Alter  Riley.) 

dantly  proved,  at  least  ten  or  twelve  times  the  weight  of  the 
chrysalis ;  while  it  will  support,  if  held  by  the  larval  skin,  several 
times  the  weight  of  the  chrysalis  before  separating  therefrom. 
Experimental  proof  is  easily  obtained  by  pinning  the  larval  skin, 
which  has  been  flayed  from  the  chrysalis,  to  a  small  piece  of  cork 
and  then,  while  grasping  the  chrysalis  as  indicated,  sticking  addi- 
tional pins  in  the  cork,  until  the  increasing  weight  breaks  the  liga- 
ment. In  brief,  the  retaining  membrane  is  that  part  of  the  inner 
larval  skin  surrounding  the  prolegs  drawn  down  by  the  sustainers, 
and  always  intimately  connected  with  and  forming  but  a  branch  of 
the  rectal  ligament.  When  extended  from  its  attachments,  as  when 
the  chrysalis  rises  to  the  silk,  this  membrane  dries,  and  in  the  cast 
off  larval  skin  retains,  more  or  less  perfectly,  the  stretched  form. 
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If  the  macons  membrane  of  the  larva  was  thick  and  strong,  as  in 
Vanessa y  the  dried  membrane  will  be  broad,  with  two  indentations 
where  it  was  held  by  the  retainers  ;  if  more  delicate,  as  in  Danais^ 
Paphiay  or  Apatura,  the  dried  membrane  is  more  forked,  showing 
how  the  retainers  have  acted  upon  its  elasticity.  In  every  case, 
however,  it  shows,  under  the  microscope,  the  longitudinal  folds 
and  creases  incident  to  the  stretching,  and  compared  to  the  rectal 
ligament  proper,  it  seems  to  lose  importance  as  it  is  less  needed  ; 
for  the  succincti  will  generally  attach  when  it  is  severed  or  loos- 
ened from  the  retainers,  while  in  Apatura  (kt  least  as  exemplified 
in  the  North  American  species),  which  combines  the  peculiarities 
of  both  the  siiccincti  and  suspensi^^  it  does  not  become  specialized, 
and  the  chrysalis  seems  to  rely  almost  entirely  on  the  rectal  liga- 
ment, assisted  by  the  partial  holding  of  the  delicate  larval  skin, 
not  only  between  what  is  left  of  the  sustainers  and  the  ventral 
posterior  margin  of  the  twelfth  joint,  but  l)etween  the  ventral  su- 
tures of  this  last  and  the  preceding  joint.  And  here  1  would 
remark,  in  conclusion,  that  the  ventral  borders  of  two  or  three  of 
the  joints  preceding  the  subjoint  are,  in  most  chrysalides  which  I 
have  studied,  so  hardened  that  the  mucous  membrane  is  actually 
grasped  between  them  and  the  deep  sutures  made  in  contracting, 
or  (what  would  be  a  more  conect  statement  of  the  fact)  it  re- 
mains, adhering  in  these  sutures  after  the  outer  skin  is  loosened, 
in  the  same  way  that  the  membrane  remains  on  the  sustainers. 
In  some  instances  (especially  in  some  species  of  Papilio)  the  pos- 
terior border  of  the  twelfth  joint  is  produced  into  a  medial  trans- 
verse ridge  fully  as  prominent  as  that  formed  by  the  sustainers, 
which  hero  are  flattened  and  coalesce.  So  that  the  sutures  of 
some  of  the  terminal  joints  in  the  chrysalis  do  subserve  the  pur- 
pose ascribed  to  them  by  Reaumur,  but  in  a  somewhat  different 
way. 

•  The  larva  of  Apaiura  attaches  horizontally,  making  the  ftont  pair  of  abdominal 
prologs  answer  the  parpo«e  of  the  giith ;  but  in  the  shedding  of  tlie  skin  this  attach- 
ment is  severed,  and  the  forming  chrysalis  assumes  tlie  perpendiculnr  position,  and  in 
the  withdrawal  and  attachment  of  tlie  cremaster,  it  acts  as  the  tnie  suspenH. 
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The  Cotton  Worm  in  the  United  States.     By  Chas.  V.  Rilet, 
of  Washington,  D.  C. 

[ABSTRACT.] 

The  paper  records  some  of  the  scientific  results  of  inquiry 
respecting  the  Cotton  Worm  and  other  insects  injurious  to  the 
cotton  plant,  begun  by  Prof.  Riley  while  entoinologisi  to  the 
Department  of  Agriculture,  and  now  being  continued  by  him 
under  the  auspices  of  the  U.  S.  Entomological  Commission. 
Among  the  incorrect  statements  that  have  hitherto  been  made, 
and  opinions  that  have  obtained,  regarding  the  habits  of  the 
Cotton  Worm,  the  author  mentions,  1st,  that  as  to  the  first  ap- 
pearance of  the  3'oung  worms  as  late  as  the  last  of  June,  or  later 
in  the  season  in  the  canebreak  country  of  Alabama;  2nd,  the  so- 
called  sudden  appearance  of  the  worms  in  great  numbers  over 
large  districts ;  3rd,  the  idea  that  there  are  but  three  annual 
generations ;  4th,  the  belief  that  the  species  has  no  parasites. 

Three  of  these  opinions  were  iterated  in  an  interesting  paper 
read  by  Prof.  A.  R.  Grote,  at  the  1874  meeting  of  the  Associa- 
tion, and  were  emphasized  by  the  announcement  that  the  paper 
was  based  on  a  residence  and  experience  of  five  years  in  cotton 
growing  States.  Prof.  Riley  finds  that  the  opinions  are  erroneous 
in  that,■^r«^  the  young  worms  hatch  in  April  in  southern  Georgia 
and  Alabama ;  that  secondly^  the  first  generation  appears  in 
spots,  generally  in  such  small  numbers  as  to  be  easily  overlooked, 
and  that  in  subsequent  generations  the  worms  disperse,  and  in- 
crease, more  or  less  rapidly,  according  as  the  surrounding  con- 
ditions are  favorable  or  otherwise;  that,  thirdly^  there  are  from 
six  to  eight  annual  generations  in  the  southern  portion  of  the 
cotton  belt;  and  that, /our^/i/y,  the  species  is  attacked  by  at  least 
ten  distinct  parasites,  some  of  which  are  quite  efficient  in  keeping 
it  in  check.  In  addition  to  two  not  yet  reared  to  the  perfect  state, 
the  following  are  enumerated  : 

From  the  egg  of  Aletia — Trichogramma  pretiosa^  n.  sp. ;  from 
both  larva  and  pupa — Tachina  aletice,  n.  sp.,  and  Sarcophaga  sar- 
racenicE  Riley ;  from  the  pupa  alone — Pimpla  conquisHor  (Say), 
Cryptus  nuncius  Say,  Chalcis  ovata  $ay,  Cirrospilus  esurus^  n. 
sp.,  and  Didictyum  (n.  gen.)  zigzag^  n.  sp.^ 

1  These  spjcies  have  since  been  described  in  Cnnndian  Entomoloffitt  {Vo\.  XI,  p. 
102)  and  Bull  tin  3  of  the  U.  S.  Entomological  Commission, 
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Regarding  the  theory  of  the  annual  dying  out  of  the  insect  in  the 
States,  and  the  consequent  annual  migration  of  the  moth  thereto 
from  some  exotic  countr^^  Prof.  Riley  states  that  it  was  first  sug- 
gested by  Mr.  Robert  Chisholm  of  Beaufort,  S.  C,  but  first  fully 
propounded  in  1848  by  Dr.  D.  B.  Gorham  in  DeBow's  Review.* 
In  1854  it  was  again  set  forth  by  Dr.  W.  I.  Burnett  in  the  Pro- 
ceedings of  the  Boston  Society  of  Natural  History.  The  facts 
collected  during  the  past  year  strengthen  the  belief  that  the  moth 
hibernates  with  us,  and  that  no  such  theory  is  necessary  to  ex- 
plain the  phenomena  connected  with  its  annual  development.  Its 
comparative  absence  during  some  years  and  its  prevalence  in  in- 
jurious numbers  during  others,  are  dependent  on  the  same  nat- 
ural conditions  wliich  govern  the  same  phenomena  in  many  species 
injurious  to  vegetation,  and  notably  in  the  c^se  of  the  Northern 
Army  Worm  {Leucania  unipuncta). 

Prof.  Riley  finds  it  convenient  to  divide  the  cotton  belt  into 
1st,  the  southern  or  permanent  portion,  where  the  first  worms  an- 
nually appear  and  the  moths  in  all  probability  hibernate;  2nd, 
the  northern  or  temporary  portion,  in  which  the  insect  does  not 
hibernate,  but  into  which  it  spreads,  either  by  gradual  dispersion 
or  by  more  sudden  migration,  from  the  permanent  portion.  The 
dividing  line  between  these  two  portions  must  needs  be  difl3cult 
to  define,  because  there  is  an  uncertain  region  that  may,  according 
to  season  or  circumstance,  belong  to  either,  and  also  because  of 
the  limited  observations  that  have  yet  been  made.  Taking  the 
early  appearance  of  the  worms  as  a  basis,  the  southern  portion 
may  be  thus  roughly  defined  :  Beginning  with  Texas,  it  includes 
the  region  south  of  the  Galveston,  Harrisburg  and  San  Antonio 
Railroad,  excluding  perhaps  the  extreme  western  portion,  but  ex- 
tending somewhat  farther  north  along  the  river  bottoms.  In 
Louisiana  and  Mississippi  it  includes  the  valley  of  the  Mississippi 
river  and  its  tributaries,  with  uncertain  northern  limits.  In 
Alabama  it  is  represented  by  the  limestone  cotton  belt  south  of 
Montgomery,  though  probably  extending  farther  to  the  east  of 
that  point.  In  Georgia  it  does  not  extend  north  of  Albany  on 
the  west,  but  doubtless  includes  the  sea-islands  along  the  coast, 
as  also  those  of  South  Carolina,  though  at  the  present  time  cotton 
cultivation  is  limited  to  Saint  Catharine's  Island.  In  Florida  it 
includes  all  parts  where  cotton  is  grown, 

« Vol.  III. 
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While  the  theory  of  annual  immigration  does  not  apply  to  the 
first  or  southern  portion,  Prof.  Riley  believes  that  it  does  apply 
to  the  northern  portions,  and  that  the  insect  is  there  killed  out 
each  winter ;  so  that  some  of  Prof.  G rote's  arguments  have  force 
if  restricted  to  this  more  northern  portion  of  the  belt. 

The  interesting  fact  is  recorded  that  the  cotton  plant  furnishes 
not  only  the  natural  food  of  the  larva,  in  the  leaf;  but  likewise 
that  of  the  moth,  in  a  sweet  liquid  exuding  from  certain  glands 
on  the  underside  of  the  leaf,  and  at  the  base  of  the  outer  lobes 
of  the  involucre ;  also  that  the  tip  of  the  proboscis  in  the  moth 
is  admirably  adapted  to  penetrate  ripe  fruit  and  that  much  injury 
is  done  to  such  by  the  moth.  The  fact  that  the  first  worms  of  the 
season  usually  appear  in  certain  low,  moist  spots  in  a  field,  is 
explained  by  the  sweet  exudation  being  most  copious  and  most 
attracting  the  parent  moths  there;  also  by  the  greater  scarcity 
in  such  places  of  ants,  which  are  very  abundant  in  cotton  fields 
and  destructive  to  the  worm,  when  3'oung,  or  moulting,  or  enfeebled 
from  whatsoever  cause;  while  the  more  rapid  development  and 
multiplication  of  the  insect  during  moist  or  rainy  weather  are  ex- 
plained by  the  decreased  efficiency  of  its  natural  enemies.  Aside 
from  the  parasites  mentioned,  the  worm  is  beset  on  all  sides  by 
enemies  which  cannot  work  so  well  during  wet  weather,  and  when- 
ever the  natural  checks  are  hindered  in  their  work  the  great  pro- 
ficiency of  the  plant-feeder  soon  gives  it  the  advantage  in  the 
struggle  for  existence.  The  conclusion  is  also  arrived  at,  from 
certain  futile  attempts  to  introduce  the  English  sparrow  into 
the  South,  that  this  bird  cannot  be  acclimated  there,  and  that 
while  it  will  extend  into  the  cotton  belt  during  winter  time  it 
returns  farther  north  in  summer,  and  dies  when  the  temperature 
exceeds  100°  Fahrenheit. 
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On  a  New  Predaceous   Lepidopterous  Insect.     By  J.  Henry 
CoMSTOCK,  of  Washington,  D.  C. 

While  studying  a  colony  of  the  cottony  maple  scale  (Pulvina- 
ria  innumerahilis,  Rathvon),  which  was  found  on  a  branch  of  Ne- 
gundg  aceroides  in  Washington,  I  was  surprised  to  find  a  Pyralid 


larva  living  within  the  cottony  mass  excreted  b}^  one  of  these  in- 
sects. On  farther  examination  it  was  found  that  very  man}'  of  the 
bark-lice  afforded  retreats  for  similar  larvae.  This,  with  the  fact 
that  the  eggs  deposited  by  such  individuals,  or  the  young  lice  de- 
veloped from  them  had  been  destroyed,  indicated  that  the  Pyralid 
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larvffi  were  predaceous.  One  of  these  larvae  was  placed  in  a  glass 
tube  with  a  bark-louse,  the  eggs  of  which  had  not  been  destroyed. 
These  eggs  had  just  hatched  and  the  cottony  excretion  was  swarm- 
ing with  the  young  lice.  The  larva  soon  made  its  way  under  this 
mass,  and  after  spinning  a  delicate  silken  tube  about  its  body  be- 
gan to  devour  the  young  lice  greedily.  The  larva  was  placed  in 
the  tube  at  3  p.  m.  ;  at  9  a.  m.  the  following  day  it  was  found  that 
fully  one-third  of  the  lice  had  been  destroyed,  showing  that  if 
these  larvse  occur  in  great  numbers  they  must  prove  an  efficient 
check  to  the  spread  of  this  pest  of  our  shade  trees.  It  is  an  in- 
teresting fact  bearing  upon  this  point  that  as  yet  this  bark-louse 
has  not  become  common  in  Washington.  Careful  search  revealed 
only  a  few  sporadic  individuals  except  upon  a  single  box-elder 
tree ;  and  there  the  predaceous  caterpillars  were  so  numerous  that 
it  was  with  difficulty  that  any  scales  were  found  not  infested  by 
them. 

Although  the  caterpillar  is  well  protected,  living  as  it  does 
within  the  mass  of  cottony  excretion,  it  spins  about  its  bodj'  a 
delicate  silken  tube.  This  tube  reminds  one  of  that  spun  by 
Galleria ;  but  it  is  more  delicate ;  and  when  spun  within  the  cot- 
tony mass,  it  is  with  difficulty  distinguished  from  it.  When  a 
branch  is  thickly  infested  by  Pulvinana  these  tubes  extend  from 
one  bark-louse  to  another.  The  caterpillars  are  very  active,  mov- 
ing freely  about  within  these  silken  passages  from  beneath  one 
scale  to  another. 

At  the  time  my  observations  were  made  (June  24th)  many  of 
the  caterpillars  were  full  grown,  and  some  of  them  transformed  at 
once.  The  cocoon  is  made  within  the  silken  tunnel  and  is  quite 
delicate,  the  pupa  being  plainly  visible  within  it.  Individuals  of 
this  brood  remained  ten  days  in  the  pupa  state.  The  greater 
number  of  the  moths  bred  by  me  this  year  issued  July  17th  ;  some, 
however,  did  not  appear  until  August  18th. 

These  moths  are  not  easily  disturbed  ;  but  will  suffer  the  twig, 
upon  which  they  are,  to  be  handled  freely  without  moving ;  and 
often  they  will  not  take  to  flight  even  when  touched.  They 
usually  rest  upon  the  two  posterior  pairs  of  legs  and  the  tip  of 
the  folded  wings,  with  the  front  pair  of  legs  drawn  closely  to  the 
body,  and  the  whole  body  forming  an  angle  of  about  45®  with  the 
object  upon  which  they  are  at  rest.  In  this  position  they  will 
remain  motionless  for  hours. 
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Can  it  be  that  the  slowness  with  which  the  coccid  can  spread 
has  influenced  the  habits  of  this  species  in  the  adult  state  ? 

Several  of  the  moths  which  issued  July  17th  were  placed  in  a 
breeding-cage  containing  a  twig  infested  with  Pulvinaria,  July 
12th  several  eggs  were  found.  These  eggs  were  deposited  singly 
either  on  the  bark,  the  coccid  scales,  or  the  cottony  masses.  In 
the  latter  case  they  could  scarcely  be  detected  by  the  naked  eye 
on  account  of  their  resemblance  in  color  to  the  excretion.  Six 
days  after  oviposition  the  eggs  hatched. 

I  was  unable  to  trace  the  histoiy  of  the  second  brood  for  want 
of  eggs  or  young  bark-lice  with  which  to  feed  the  larvae.  It  is 
probable,  however,  that  the  habits  of  this  brood  are  similar  to  those 
of  the  first.  I  am  strengthened  in  this  belief  from  the  fact  that  I 
found  newly  hatched  Pulvinaria  the  day  before  the  second  brood 
of  the  Pyralid  emerged  from  the  eg^. 

This  moth  belongs  to  the  genus  Dakruma  of  Grote.  And  as 
the  species  seems  to  be  undescribed,  I  propose  for  it  the  name 
cocddivora, 

Dakkuma  Coccidivora,  n.  sp.-^-  Expante,  10-18  mm.  Ltngth  of  body,  4-8  mm.  cf 
9  .—Head  above  dark  ash-gray  with  a  tkint  coppery  reflection,  below  and  behind  the 
eyes  white.  Eyes  black  and  quite  coarsely  faceted.  Lower  surAice  of  antennse  pale 
brown ;  upper  surface  dark  gray  with  coppery  and  green  reflection.  Labial  palpi  black 
sprinkled  with  white  scales,  and  with  the  base  almost  entirely  white.  MaxiUsB  rust 
red  with  the  basal  half  clothed  with  white  scales  interspersed  with  a  few  black  ones. 
Thorax  above,  and  patagia  dark  gray  with  brown  and  green  reflection.  Abdomen  an- 
nalated  with  brown  and  light  gray ;  the  brown  pi-edominating  above,  the  light  gray 
beneath.  Fore  wings  light  gray  marked  with  brown  and  black.  A  light  band  extends 
across  the  outer  part  of  the  basal  third  of  the  wing;  the  costal  half  of  this  band  Is 
wide,  reaching  nearly  to  the  base  of  the  wings;  the  remaining  half  is  narrow.  Near 
the  base  of  the  wings  there  is  a  short  transverse  gray  band  which  is  sometimes  obso- 
lete; exterior  to  this  is  a  short  longitudinal  black  spot,  which  also  varies  greatly  in  size 
and  intensity  of  color.  The  light  band  which  extends  across  the  outer  part  of  the 
basal  third  of  the  wing  is  bordered  externally  by  a  dark  band,  which  is  narrow  on  the 
costal,  and  near  tiie  middle  of  the  wing  widens  so  as  to  reach  the  outer  third  of  the 
wing.  There  are  two  black  dlscal  spots  which  are  sometimes  distinct  but  more  often 
united  so  as  to  form  a  single  descent-shaped  spot  opening  outward.  The  markings  of 
the  outer  third  of  the  wing  resemble  greatly  those  of  Aorobatis  nebulOt  there  being  a  row 
of  six  or  seven  dark  spots  on  the  outer  margin,  and  one-fourth  of  the  distance  to  the 
body  a  wavy  light  gray  band  parallel  to  the  exterior  margin,  and  bordered  on  each  side 
with  dark  brown ;  the  costal  end  of  the  outer  of  these  brown  borders  is  usually  darker 
and  widened  externally  forming  a  conspicuous  black  triangular  spot.  Lower  surface 
of  the  A^nt  wings  dark  gray  especially  toward  the  apex,  with  a  famt  brassy  tinge. 
Hind  wing  light  gray  with  the  apex  clouded. 

34  specimens  examined,  18  (f  16  $. 

C7irp§alis.—  Length,  6*5  mm.  Color,  dorsum  dark  brown  Inclining  to  blackish  toward 
anas»  venter  a  litUe  lighter,  wing  and  antennul  sheaths  yellowish-brown.  Wing 
sheaths  reaching  nearly  to  the  sixth  abdominal  segment;  antennal  sheaths  reaching  to 
the  tip  of  the  wing  sheaths;  dorsum  densely  punctured,  venter  less  so;  stigmata  at  the 
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tips  of  slight  protuberances;  tip  of  abdomen  nearly  Burrounded  by  a  whorl  (complete 
dorsally,  incomplete  ventrally)  of  small  pointed  tubercles. 

Xarva.— Length  of  lull  grown  larva  S-12  mm.  Body  cylindrical,  tapering  slightly 
toward  each  end.  Head  small,  rounded,  slightly  bilobed,  black  and  somewhat  pol* 
ished;  antenns  white,  four  Jointed,  basal-Joint  largest,  second  about  one-fourth  the 
length  of  the  first,  third  nearly  as  long  as  the  first  but  only  abont  one-third  as  thick, 
fourth  a  mere  tubercle.  Upper  surface  of  the  body  a  greenish-black  color  with  a  fkf  nt 
tinge  of  bronze;  prothoracic  shield  black,  finely  granulated,  and  with  a  pale  dorsal 
line ;  anal  shield  a  little  darker  than  the  body  and  sparsely  beset  with  long  hairs.  Stlgr- 
mata  and  all  piliferous  spots  brown  with  pale  centres.  Under  surface  of  the  body 
bluish-green.  Legs  black  with  the  nodes  bluish-green;  the  ring  of  booklets  of  prologs 
pale  brown  with  light  centre. 

f*^^.— White,  faintly  glossy;  oval  in  outline;  one-half  millimeter  long,  one-third 
millimeter  wide ;  surf^e  closely  indented  with  large  irregular  five  or  8ix-sided  pits ; 
the  walls  of  the  indentations  forming  sharp  ridges  over  the  surface  of  the  egg. 

Newly  hatched  torra.—  Length  five  millimeters.  Color  dull  white  tinged  with  yellow ; 
head  and  thoracic  shield  dark  brown;  mouth-parts  dull  yellow;  body  attenuated; 
bead  and  thoracic  plate  large,  round,  flattened  dorso- ventrally ;  head  with  several  lon^ 
lateral  hairs;  each  abdominal  segment  furnished  laterally  with  a  long,  stiiT  hair;  tho- 
raclc  and  prolegs  sti-ong  and  well  developed. 

The  anomalous  habits  of  this  species  are  diflTerent  from  any- 
thing I  have  been  able  to  find  published.  I  do  not  think  that  it  is 
to  be  classed  with  the  few  doubtful  lepidopterous  parasites  that 
have  been  recorded  or  with  the  many  inquilines  known  to  science. 

Of  the  former  the  following  are  the  most  striking  examples : 
Firstj  the  two  moths  described  by  Westwood  in  the  Trans.  Ent. 
Soc,  London,  for  1876  and  '77,  which  are  parasitic,  in  the  sense 
of  residing  upon,  the  one  on  Fulgora  candelaria^  the  other  upon 
a  species  of  Aphcena  also  a  member  of  this  family  Fulgaridce, 
Westwood  is  of  the  opinion  that  in  each  case  the  lepidopterous 
larva  feeds  upon  the  waxy  excretion  of  its  host  without  in  any 
way  injuring  it.  Second,  the  two  Tineids,  mentioned  by  Mr. 
Westwood  {I,  c,  1877,  p.  436)  as  being  parasitic  upon  the  three- 
toed  sloth.  Speaking  of  these  moths  he  says :  "  From  the  infor- 
mation I  received  with  the  last  mentioned  specimens,  I  believe  it 
was  among  the  hairs  of  the  Bradypus  that  the  moths  had  either 
been  reared  or  had  taken  up  their  abode."  • 

The  remaining  instance  described  by  Westwood,  that  of  a  single 
Bombycid  moth  bred  from  the  puparium  of  a  Tachina  as  well  as 
that  described  by  J.  W.  Lea  in  the  Trans.  Ent.  Soc.,  London,  1853, 
of  a  moth  bred  from  pupa  of  Lasiocampa  tnfolii  arc  each  too 
doubtful  to  serve  as  a  basis  for  any  conclusion. 

In  ease  of  inquilines  of  which  many  have  been  described  (see 
especially  papers  by  Walsh  on  Insects  inhabiting  Willow  Galls. 
Proc.  Ent.  Soc.  Phila.,  Vol.  VI,  p.  270,  also  his  report  as  state 


Digitized  by  VjOOQ IC 


BY  J.   HENRT  COMSTOCK.  471 

entomologist  of  Illinois,  p.  79),  it  is  supposed  that  they  are  vege- 
table feeders  and  only  occasionally  or  incidentally  destroy  the 
life  of  their  unfortunate  hosts." 

Neither  is  this  case  to  be  classed  with  those  instances  of  lepi- 
dopterous  insects  feeding  upon  dead  animal  matter ;  as,  hair,  wool, 
bone,  horn  or  entomological  specimens. 

Had  a  single  specimen  of  this^insect  been  observed  to  be  car- 
nivorous, I  should  have  been  inclined  to  consider  this  habit  an 
accidental  occurrence  due  to  the  larva  finding  itself  under  unnat- 
ural conditions.  Every  entomologist  knows  how  frequently  lepi- 
dopterous  larvae  devour  each  other  when  imprisoned.  In  my 
attempts  to  rear  Heliothis  ai-migei'a  this  season  I  have  been  unable 
to  breed  more  than  a  single  specimen  in  a  jar. 

There  are,  however,  two  insects  which  in  habits  probably  resemble 
to  a  certain  extent  Dakruma  coccidivora.  First :  Semasia  pi-univora 
of  Walsh,  which  although  it  was  considered  by  Mr.  Walsh  to  be  a 
vegetable  feeder  is  found  to  be  carnivorous  also  by  Miss  Mary  Murt- 
feldt,  who  informs  me  that  it  feeds  upon  ColopJia  tdmicola  Riley, 
in  great  numbers.  Miss  Murtfeldt  is  inclined  to  'believe  from  her 
observations  that  the  normal  habit  of  the  laYva  of  this  moth  is  to 
be  predaceous  and  that  it  was  so  in  the  places  where  found  by  Mr. 
Walsh. 

Second:  Eudemensia  baaaettella  (Clem.).  This  species  is  de- 
scribed in  the  Proc.  Ent.  Soc.  Phila.,  II,  p.  423,  with  the  state- 
ment that  the  larva  feeds  in  a  gall  found  upon  oak.  I  am 
informed  by  Prof.  Riley  that  the  supposed  gall  is  in  reality  a 
coccid,  hence  it  is  probable  that  the  Eudemensia  feeds  upon  the 
egg  of  the  coccid  in  the  same  way  that  Dakruma  coccidivora  feeds 
upon  the  eggs  of  the  Pulvinaria. 

1  have  bred  over  forty  specimens  of  Dakruma  coccidivora  from 
Pulvinaria  innumerabilis.  There  was  no  indication  of  its  feeding 
upon  the  tree  on  which  it  was  found.  Nor  was  there  any  evidence 
whatever  that  it  feeds  upon  the  excretory  masses  in  which  it  lives. 

Moreover  these  masses  contained  in  addition  to  remnants  of 
destroyed  lice  and  eggs  the  excrement  of  the  larvae  in  large  quan- 
tities, showing  that  they  had  resided  there  for  some  time. 

These  facts  I  think  warrant  me  in  considering  the  species  pre- 
daceous. 
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Some  interesting  Insect-habits  and  theib  development.    Bt 
W.  S.  Barnard,  of  Ithaca,  N.  Y. 

During  the  past  few  months  I  have  made  observations  on  some 
interesting  insect-habits,  which  urge  me  to  think  we  can  explain 
for  them  a  mode  of  origin  and  development.  This  I  wish  to  illus-  . 
trate  by  examples.  Perhaps  thei;*e  is  no  habit  more  curious  among 
insects  than  that  of  case-bearing  by  larvce^  wherein  the  young  insect 
wears  clothing,  which  it  finds  ready  made  or  makes  by  patchwork 
or  by  spinning  alone.  There  are  several  insects  which  have  this 
habit  in  their  larval  days.  These  protections  for  the  body  are 
tubular,  conical,  pyramidal,  straight,  curved,  spiral,  oval,  triangular 
or  fiattened,  often  rude  but  sometimes  very  artistic  in  form  and 
construction.  They  are  produced  in  sub-groups  of  the  orders 
Neuroptera  (caddis- worms),  Lepidoptera  (Coleophora,  etc.)  and 
Coleoptera  (Coscinoptera,  etc.).  Some  cases  are  made  by  agglun 
tinating  together  foreign  substances,  as  dirt,  excrements,  fragments 
of  stones,  twigs,  etc.,  others  are  of  loose  materials  bound  together 
by  silk  fibre,  with  or  without  a  soft  lining  spun  within,  while 
others  still  consist  entirely  of  silk.  The  habit  exists  with  members 
of  different  orders  very  distantly  related,  hence  we  naturally  sup- 
pose it  has  been  acquired  independently  in  different  groups,  and 
this  mode  of  acquisition  I  wish  to  explain. 

In  the  vicinity  of  Ithaca,  N.  Y.,  are  several  species  of  terrestrial 
and  aquatic  case-bearers.  Among  these  I  have  become  especially 
interested  in  one  which  is  a  young  tineid  moth  {Coleophora),  1 
have  found  it  plentiful,  in  August,  September  and  October,  feeding 
on  the  seed-capsule  and  seeds  of  Juncus^  a  kind  of  rush,  which 
grows  on  woody  knolls.  This  season  it  has  destroyed  most  of 
the  seeds  of  that  plant.  One  of  the  seed-capsules  is  shown  in 
Fig.  1,  with  the  brown,  perfected  larva-case  (Fig.  8)  mounted  on 
it,  magnified  forty  times.  This  completed  case  is  about  5  mm. 
long  and  1.50  mm.  thick.  I  have  also  another  species  of  the 
same  genus  from  the  same  plant,  having  similar  habits  and  form, 
but  its  case  has  no  external  granulation  and  is  about  8.50  mm.  long 
(see  Fig.  6).  Further  developments  are  necessary  before  the  spe- 
cies can  be  determined  with  certainty.  These  I  hope  to  learn  in  the 
coming  season.  They  are  not  noticed  in  Mr.  Chambers'  lists  of 
the  Tineina  and  their  food-plants  (Bull.  Geol.  and  Geogr.  Survey, 
Vol.  IV,  No.  1, 1878).    But  it  is  probable  that  one  of  these  is  new 
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and  that  the  other  will  prove  to  be  C,  ccespititiella  Zell.,  which  in- 
habits various  species  of  Juncus  in  Europe,  where  the  moth  flies 
in  May. 

Let  us  notice  the  peculiarities  of  the  case  before  us.  It  stands 
vertical  with  its  mouth  bound  firmly  to  the  seed-case.  Thus  the 
larva  is  head  downwards  with  its  abdomen  elevated  and  entirely 
encased.  It  can  conceal  itself  completelj'  in  the  sheath  alone,  but 
when  creeping  its  head  and  legs  project  while  it  carries  itself  erect 
or  horizontal.  The  case  adheres  quite  firmly,  but  when  suddenly 
jerked  loose  we  find  the  larva  extending  partly  into  the  hole 
it  gnaws,  for,  while  its  case  is  thus  fixed  immobile,  it  eats  out  the 
seeds.  Finally,  in  autumn  it  must  hunt  some  protected  place  to 
hibernate  in  its  little  house,  for  the  moth  will  not  appear  until  spring. 
It  may  be  found  in  the  crevices  of  bark  on  the  trees  near  its  food,  and 
sometimes  it  creeps  two  meters  high  or  more.  A  microscopic  in- 
spection of  the  case  shows  it  to  be  made  of  densely  woven  lavender 
colored  silk  so  that  it  really  is  a  very  warm  overcoat.  Outside  of 
thiSr  granules  of  its  excrement  are  attached  over  the  surface,  for 
what  purpose  is  not  certain,  yet  we  might  fancy  it  may  be  to  pre- 
vent its  fellows  from  mounting  on  it  and  to  make  it  an  unpleasant 
morsel  for  voracious  enemies.  But  the  attachment  of  these  pellets 
is  in  the  first  instance  seemingly  accidental  from  their  adhesive 
coating  and  being  emitted  upwards  so  they  must  roll  down  the 
sides  of  the  cylindriform  habitation  and  are  thus  liable  to  cling 
unintentionally  to  all  parts  of  the  surface  except  to  the  lower 
constricted  portion  where  they  do  not  occur.  The  muzzle  is 
curved  at  right  angles  with  the  body-axis  to  enable  it  to  stand 
parallel  against  the  side  to  which  it  attaches,  and  to  protect  the 
insect  more  full}'  when  it  creeps.  On  the  bark  of  trees  I  find  it 
adhering  inversely,  the  round  orifice  being  upward  and  fixed  by 
an  opercular  web  of  silk.  The  rear  end  of  the  case  is  closed  by 
a  tricuspid  valve  (Fig.  4),  that  is,  it  ends  in  three  lobes  brought 
together  to  close  up  its  aperture.  Through  the  resultant  trifid 
fissure  the  excrements  are  passed  out. 

Now  this  case  is  gradually  produced  during  the  growth  of  the 
larva.  I  have  the  younger  cases  in  various  grades  of  formation. 
And  the  trifid  hole  or  valve  aperture  has  been  derived  by  every 
mature  case  from  the  earliest  case.  This  valvenlevice  and  the 
whole  case,  despite  the  wondeiful  adaptation,  design  and  benefi- 
cence here  appearing,  are  not  something  devised  by  the  insect  or 
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any  immediate  intelligence,  but  are  purely  accidental  to  it,  a  result 
of  the  accidental  conjunction  of  things.  This  seems  a  startling 
assertion,  but  we  shall  see.  The  young  moth,  before  it  has 
built  a  case,  eats  downward  in  a  seed-capsule  devouring  the  seeds, 
until  it  has  cut  through  into  the  stem  (receptacle)  which  is  there- 
by severed.  And  all  at  once  our  young  urchin  is  surprised  at 
finding  his  head  in  the  daylight  while  his  body  is  clothed  by  the 
freed  seed-case.  While  he  still  dings  to  his  old  home,  he  walks 
until  he  finds  another  fruit  on  which  to  pitch  his  tent.  Into  this 
he  gnaws,  and  eating,  grows.  The  case  which  he  stole  from  the 
seed  is  yoimg  and  small  like  himself,  but,  while  it  withers  and 
shrinks,  he  outgrows  it.  As  it  attempts  to  go  to  pieces  he  binds 
the  parts  together.  To  enlarge  it  he  opens  the  side  and  then 
darns  over  the  gap.  It  becomes  too  short  and  he  elongates  it 
backward  with  his  silk  (Fig.  5).  Gradually  he  enlarges  it  and 
lines  it  thus  until  finally  a  silk  structure  is  completed  while  the 
original  fragments  of  the  seed-capsule  are  lost  or  become  con- 
cealed, and  he  has  a  beautiful  garment.  The  original  pattern  he 
got  by  accident.  The  seed-case  breaks  open  as  a  tricuspid  valve 
(Fig.  2)  and  this  valve  also  was  adopted  from  the  plant.  So  it 
primarily  got  a  case  with  a  tricuspid  valve  and  became  a  case- 
bearer,  by  an  accident,  without  possessing  any  foresight  or  inten- 
tion, for  the  design  or  pattern  was  not  its  own  but  that  in  a 
preexisting  seed-case.  The  after-modifications  were  gradual  re- 
sults of  its  growth  and  preestablished  mode  of  life.  Of  course 
a  protective  and  hence  selective  advantage  exists  in  the  use  of 
this  habitation,  yet  both  are  only  the  mechanical  outgrowth  of  a 
fortuitous  conjunction  of  unintended  experiences. 

Thus  the  case-making  and  case-bearing  habits,  like  habits  gen- 
erally, and  the  peculiar  forms  of  the  cases,  like  other  natural 
forms,  originate  as  mechanical  results  accidental  to  the  creature, 
with  no  intelligence,  foresight,  purpose  or  design  on  its  part,  it 
being  actuated  by  the  blind  impulse  of  instinct,  which  is  inherited 
habit,  originated  and  recurring  as  a  reaction  or  as  refiex-action 
mechanically  resulting  from  the  conjoined  cooperating  organiza- 
tion and  environment. 

In  this  connection  it  is  also  a  remarkable,  significant  fact  that 
in  the  order  Coleoptera  the  larval  beetles  of  the  sub-family  Ogp- 
tocephalidea  (which  are  case-bearers)  in  the  first  instance  wear  their 
tough  portable  egg-shell  as  a  protective  case,  and  afterward  gradu- 
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ally  enlarge  upon  it  during  growth  until  the  original  finally  be- 
comes a  mere  speck  in  the  large  completed  artificial  case.  So  far 
as  the  larva  is  concerned  the  original  case  is  an  accident  to  it. 
The  males  of  these  beetles  and  other  enemies  would  devour  their 
young  upon  their  leaving  the  tough,  distasteful  shell.  Hence  those 
alone  survive  which  are  so  shy  as  not  to  leave  it,  but  only  pro- 
trude the  head  and  legs  to  draw  them  in  quickly  at  the  approach 
of  danger.  Among  all  their  reflex  acts,  those  of  this  kind  are 
protective,  selectively  preserving  from  destruction  the  varieties  in 
which  they  result.  Will  not  this  habit  also,  of  keeping  the  head 
hidden  by  the  larva,  help  explain,  as  resultant,  the  distinctive 
characteristics  of  the  adult  forms  of  the  sub-family  of  Cryptoceph- 
cUides  "concealed-headed,"  as  the  name  signifies,  the  head  being 
drawn  back  deeply  into,  and,  in  the  mature  beetle,  hardened  and 
firmly  fixed  almost  concealed  in  the  prothorax?  If  so,  we  may 
then  conclude  also  that  the  habitual  functional  usage  of  the  form 
and  structure  involved  has  modified  their  growth  and  development, 
thereby  giving  origin  to  these  morphological  features  and  to  the 
family  established  on  them. 

The  young  of  the  genera  Saxinis^  Anomcea^  Bdbia^  Cryptoceph' 
alu8^  Coscinoptera  and  Chlamys^  have  the  above  named  habit  and 
the  egg  shell  thickened  by  a  tough  noxious  extract,  which  pre- 
vents the  males  from  devouring  the  eggs  and  young.  Thus  we 
account  mechanically  for  the  origin  of  cases  on  those  insects. 
The  use  of  excrements  for  rendering  the  bodies  of  the  young  dis- 
tasteful and  protecting  them,  occurring  also  in  allied  genera,  may 
have  originated  in  these  before  case-wearing,  and  is  in  combination 
with  it  for  the  purposes  of  preservation.  I  have  studied  speci- 
mens of  the  last  three  genera  at  Ithaca,  N.  Y.,  during  the  past 
summer,  with  great  interest  and  have  been  especially  impressed 
with  my  observation  of  the  way  in  which  Coscinoptera  dominica 
gnawed  through  its  egg-cover  (as  has  also  been  previously  seen  by 
Riley,  6th  Rep.  1874,  p.  129),  to  sever  it  as  a  portable  case  from 
its  long  pedicel,  as  a  parallelism  with  the  way  in  which  our  Coleo- 
phora  severed  and  used  the  Juncus-capsule ;  while  in  both,  the  lar- 
val case  becomes  the  pupal  cocoon,  although  not  made  for  that 
purpose,  so  that  we  here  have  examples  of  the  origin  and  develop- 
ment of  two  kinds  of  cases  and  cocoons,  which,  as  with  the  sev- 
eral oth«r  kinds  of  cases  and  cocoons,  may  have  their  origin  and 
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development  mechanically  explained  by  a  knowledge  of  the  facts, 
as  I  intend  to  show  hereafter. 

In  addition  to  the  propositions  already  stated  we  need  finally  to 
assert  that  in  insects  belonging  to  widely  different  orders,  similar 
habits  have  originated  independently  but  under  similar  conditions. 

Leaving  now  the  explanatory  part  of  this  paper,  I  wish  brief 
attention,  in  this  connection,  to  a  few  other  allied  tineid  moth- 
cases  studied  this  season,  mostly  of  the  same  genus,  Cokophora^ 
and  further  illustrating  the  case-bearing  habit.  The  following 
stages  and  variations  I  have  noticed,  which  may  indicate  only  the 
phases  of  development  of  one  or  more  species,  occurring  during 
the  autumn  on  our  hickory  leaves  and  branches.  £ach  is  made 
by  a  leaf  miner  which  eats  in  between  the  dermal  layers  of  cells 
and  then  detaches  the  cellular  laminae  surrounding  it  as  a  case. 
All  agree  in  having  the  rear  end  of  the  case  flattened  with  a  two- 
lipped  valve-orifice  from  the  marginal  edges  of  its  two  side-pieces 
remaining  here  disconnected.  The  larva  of  one  (C.  carycefolieUaf) 
continues  mining  the  leaf  by  projecting  into  it  but  withdraws 
entirely  into  the  case  when  disturbed. 

No.  1  represents  {Aspidisca  lucifluelld  Clem.)  the  lowest  type  of 
case  (Fig.  15).  It  has  an  irregular  elongated  oval  form  about 
2.60  mm.  long  and  is  carried  flatwise  on  the  leaf.  When  severed 
from  the  leaf  a  thin  layer  of  cells  is  still  left  beneath  it. 

No.  2  is  similar  but  comparatively  narrow  and  long  (3  mm.), 
while  one  edge  is  nearly  straight  and  the  other  curved.  Fig.  14 
shows  one  with  a  hole  in  its  side,  for  I  have  observed  that  this  and 
No.  6  are  thus  sometimes  perforated  by  a  hole  like  that  in  the  scale 
of  the  apple  bark  louse  by  an  enemy  (Aphelinus  mytUaspidisf)^ 
which  destroys  the  larva. 

No.  3  is  about  twice  as  long  as  No.  2.  Its  valve-end  is  rounded 
(Fig.  13),  while  its  other  outlines  are  nearly  straight  and  its  oval 
orifice  opens  nearly  at  right  angles  to  the  long  axis.  It  difiers 
from  No.  1  also  in  being  carried  edgewise. 

All  the  preceding  show  perfectly  the  venation  and  light  brown 
color  of  the  leaf  on  their  surfaces,  which  are  much  dimmed  or 
concealed  in  the  following  kinds  by  the  added  internal  and  external 
coatings  making  them  very  dark. 

No.  4  is  flat  behind  and  cut  ofl'  square  while  the  rest  of  it  is 
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somewhat  narrower  and  cylindriform  as  shown  in  Fig.  12,  with  a 
total  length  of  7  mm. 

No.  5  is  the  same  except  the  valve  end  which  is  notched  as  in 
Fig.  11. 

Both  Nos.  4  and  5  vary  from  light  to  dark  brown. 

No.  6  is  found  on  the  branches  chiefly  and  it  is  doubtful  if  it  can 
be  of  the  same  species  as  the  preceding  ones.  It  is  very  black 
and  differs  from  the  others  also  in  having  a  crooked  neck  while  the 
flattened  valve-lobes  are  triangular  with  one  point  directed  back- 
ward as  in  Fig.  10.  The  valve  is  bicuspid  and  the  whole  form 
(Fig.  10)  is  more  slender  than  in  the  first  Juncus  species.  Its 
length  is  about  6.50  mm.     Leaving  now  the  hickory. 

No.  7  is  known  as  Aspidiaca  splendonferdla  Clem.  It  has  ap- 
peared late  in  autumn  very  plentifully  on  some  of  our  apple  trees, 
where  it  hibernates  beneath  the  branches  in  its  little  flat  obo- 
vate  purse,  whijch  is  fixed  (to  the  bark)  pendent  on  a  short  mass 
of  silk  (see  Fig.  9). 

No.  8  is  a  very  odd  form  (Fig.  8)  having  the  same  color,  con- 
struction and  length  as  No.  6,  but  is  strikingly  peculiar  in  form, 
resembling  a  pistol,  its  valve-end  being  bent  down  like  the 
handle,  while  the  barrel-part  sags  a  little  in  its  middle,  the  muzzle 
is  not  curved  and  a  lobate  prominence  represents  the  trigger- 
guard.  I  found  it  on  chestnut  bark  in  August  and  Mr.  Chambers, 
who  has  made  a  specialty  of  these  tineid  moths,  writes  that  he 
met  with  it  in  southern  Kentucky,  but  could  not  rear  the  adult 
to  determine  its  species. 

For  convenience  in  reference  hereafter,  I  wish  to  assign  the  No. 
9  to  the  short,  brown,  granulate  tricuspid  case  (Figs.  3  and  5)  on 
Juncus^ 

No.  10  to  the  long,  smooth,  brown  tricuspid  case  (Fig.  6)  of  the 
same  and  No.  11,  to  a  third  kind  (Fig.  7)  on  the  same,  consisting 
entirely  of  silk,  being  very  light  colored  and  transparent.  It 
measures  in  length  7  mm.  The  valve  is  not  tricuspid  but  a  rather 
shapeless  hole,  sometimes  with  its  margins  pulled  together  to  form 
two  lips.  Its  neck  is  long  and  only  slightly  crooked.  The  muzzle 
is  attached  to  a  capsule.  The  whole  is  cylindriform,  tapering 
smaller  backward.  The  larva  is  sometimes  entirely  within  the 
capsule  and  at  others  entirely  in  the  sheath,  which  has  a  beautifully 
transparent  glassy  appearance. 

Nos.  1-7  inclusive  are  formed  of  two  similar  pieces  of  leaf- 
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dermis  with  their  margins  neatly  cut  and  joined  by  a  viscid  secre- 
tion and  silk,  but  the  two  pieces  united  in  No.  8  have  a  laminated 
striate  appearance  more  resembling  bark,  yet  respecting  the  nature 
of  which  I  cannot  now  decide  ;  but  it  may  possibly  be  of  bark,  and 
from  a  species  wliich  I  have  recently  discovered  making  very  long 
winding,  girdling  mines  in  the  superficial  cell-layers  of  the  young 
bark-dermis  of  chestnut  trees.  I  do  not  find  bark-dermis  miners 
in  the  complete  lists  of  miners  and  their  food-plants  by  Chambers 
and  Kaltenbach,  but  they  certainly  exist  and  I  have  specimens  of 
these  and  of  still  another  species  working  similarly  in  the  green 
bark-dermis  of  dogwood  {Comus), 


The  Bud-blight  Insect.     By  W.  S.  Barnard,  of  Ithaca,  N.  Y. 

A  SUMMARY  topical  statement  of  the  contents  of  this  paper  may 
be  presented  thus.  1.  Description  and  prevalence  of  bud-blight 
in  pear-trees.  2.  Its  existence  and  cause  apparently  unknown 
and  overlooked ;  but  now  determined  as  Psylla  pyrisuga  Foerst. 
3.  How  ascertained.  4.  Illustrations  and  description  of  the 
insect,  its  stages,  habits  and  relationships.  5.  Resultant  injuries, 
serious  and  extensive.  6.  Its  friends,  enemies  and  prevention. 
7.   Knowledge  needed. 

My  attention  has  been  attracted  by  a  great  absence  of  pear- 
buds  and  by  certain  terminal  enlargements  of  pear  twigs.  Early 
last  June  the  buds  could  be  seen  blighting  and  falling  off.  It 
could  be  observed  to  some  extent  on  most  of  the  pear  trees  in  the 
neighborhood  of  Cornell  University,  at  Ithaca,  N.  Y.,  while  a  few 
of  the  trees  became  almost  entirely  deprived  of  buds.  In  and 
about  Saratoga,  during  this  meeting,  I  have  noticed  the  same,  and 
the  ruin  of  one  orchard  within  three  blocks  of  this  hall  is  just  now 
being  completed. 

By  careful  study  throughout  the  summer,  I  have  determined  the 
cause  of  this  bud-blight,  with  some  other  facts  of  interest  and 
value  pertaining  to  it. 

My  specimens  here  show  the  absence  of  buds  and  the  terminal 
swelling  and  dying  of  the  twigs.     When  the  buds  of  vigorous 
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growing  trees  are  destroyed,  growth  in  an  axial  direction  is  im- 
possible, so  the  aceamulation  of  sap,  and  attempt  to  heal,  result 
in  these  expansions,  which  are  rather  rare  while  the  lack  of  buds 
is  common. 

In  all  pear-blights  there  appears  a  fungus,  but  its  development 
can  only  be  occasioned  by  some  injury,  as  from  excessive  freezing 
or  dr3'ness  and  from  the  ravages  of  animals.  When  from  climatic 
influences,  usually  a  large  part  or  all  of  the  tree  is  affected  at  once  ; 
and  the  same  may  appear  from  animal  injuries  to  the  trunk  or 
root.  When  parts  of  branches  blight,  its  cause  is  often  the  blight- 
beetle,  Scolytus  pyri^  boring  within  tiie  part  affected,  and  should 
be  destroyed  with  it.  If  the  leaves  alone  blight,  with  thickened 
blotches,  which  turn  brown  or  black,  the  cause  is  in  mites  which 
burrow  in  their  pulp.  In  all  these  cases  the  injury  is  easily  ob- 
served, but  the  death  or  absence  of  the  buds  only,  while  the 
leaves  remain  green,  cannot  be  attributed  to  any  of  the  influences 
named  and  is  generally  overlooked  ;  hence  I  wish  to  call  especial 
notice  to  it,  and  request  information,  from  all  parts  of  the  coun- 
try, for  it  is  very  desirable  to  be  able  to  make  known  the  exact 
extent  of  its  distribution  and  the  resultant  damages. 

Buds  are  sometimes  destroyed  bj-  gnawing  insects,  as  cutworms 
and  certain  other  caterpillars,  but  the  fresh-cut  surface,  where  the 
bud  is  recently  removed,  distinguishes  their  work  from  that  in 
question,  for  here  the  bud  and  surfaces  are  all  dry  before  the  bud 
falls,  while  buds  in  all  stages  of  dying  occur. 

I  find  the  cause  of  this  malady  is  a  very  inconspicuous  creature, 
the  Psylla  pyrisuga  Foerst.,  which  is  an  old  offender  in  Europe  and 
has  already  received  some  attention  in  our  country  under  the  name 
of  an  allied  foreign  species,  Psylla  pyri  L.  Although  studying 
the  bud-blight  and  these  insects  at  the  same  time,  I  did  not  at 
first  attribute  it  to  them,  for  where  the  buds  were  falling  I  gener- 
ally found  no  Psyllas.  But  after  watching  their  work  for  a  long 
time  I  was  able  to  detect  it  wherever  buds  were  falling  and  found 
that  the  insects  often  all  left  before  the  buds  fell  off.  Sometimes 
the  only  trace  remaining  would  be  a  larval  skin  attached  beneath 
a  leaf  near  by.  Also,  there  may  be  a  sweetish  taste  to  the  surfaces 
on  which  they  eject  a  secretion  like  the  honey-dew  of  common 
plant-lice,  which  tastes  very  nice  and  raaj^  be  still  sought  by  ants 
or  other  insects  after  the  bud-lice  have  gone.  Again  a  dark  color 
on  the  twigs  or  leaves  in  some  instances  has  resulted  where  they 
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have  been  very  abundant  and  du8t  has  adhered  to  the  once  sticky 
surfaces.  This  hardened  honey-dew  is  a  varnish  and  may  be  of 
some  injury  by  closing  many  respiratory  pores. 

It  may  be  popularly  named  the  pear-sucker  as  its  specific  name 
implies,  or  more  appropriately,  from  its  habits  and  appearance,  the 
bud- louse  ;  for  its  larvae  associate  about  the  buds,  and  by  their  form 
and  coloring  so  closely  mimic  the  small  buds  and  bud-scales  as  to 
be  often  scarcely  distinguishable  from  them.  They  are  also 
likely  to  be  overlooked  because,  unless  in  very  gi-eat  abundance, 
their  presence  will  not  be  indicated  by  any  unhealthy  appearance 
of  the  tree  or  its  leaves  until  after  they  are  gone,  and  they  will 
usuall}'  have  left  the  buds  before  they  fall,  so  the  general  injury  to 
the  tree  may  onl}^  first  appear  in  the  following  season. 

Belonging  to  the  order  Hemiptera,  sub-order  Homoptera  and 
family  Psyllldae  of  Burmeister,  their  form  and  structure  relate  them 
closely  to  the  common  plant-lice,  Aphididce^  and  to  the  bark-lice, 
Coccidm^  while  they  have  the  general  appearance  of  minute  cica- 
das or  seventeen-year  locusts.  In  size,  each  is  quite  diminutive, 
being  only  about  2.50  mm.  long  to  the  tip  of  the  folded  wings. 
Having  gradual  or  incomplete  metamorphosis,  its  three  chief  phases 
are,  1,  the  egg  (Fig.  I)  ;  2,  the  larva  (Figs.  II  and  III)  ;  and 
3,  the  adult  (Fig.  V).  In  the  general  form  of  the  body  we  notice, 
as  peculiar,  the  high  upward  swelling  of  the  thorax  while  the 
region  between  the  e3-es  is  compressed  from  above  downward  and 
the  abdomen  is  rather  short  if  we  exclude  tiTe  ovipositing  organs. 
The  three  posterior  segments  bear  distinct  stigmata  (Fig.  XI 
000 )•  J^'he  mouth-organs  are  united  to  form  a  three-jointed  suck- 
ing beak  (Figs.  Ill,  VIII  and  IX,  L)  which,  in  the  adult,  is  rather 
short,  but,  in  the  larva,  has  its  bristle-like  jaws  (m)  as  long  as  the 
body.  This,  the  larva  inserts  about  the  bases  of  the  buds,  as  a 
driven  pump  to  suck  out  the  sap,  its  food.  I  find  that  the  four 
extremely  long  bristle-like  jaws  (maxillae  and  mandibulae)  of  the 
larva  are  cast  oflf  and  lost  with  the  last  moulted  skin.  These  are 
sheathed  at  their  base  by  the  three-segmented,  tubular  lower  lip 
(//).  When  moving  about  the  piercer  is  thrown  backward  toward 
the  chest  (thorax).  In  front  of  it  the  triangular  upper  lip  (Figs. 
VIII.  IX  and  III,  v)  appears  as  a  plate  pointing  backward  to  be- 
tween the  fore  legs.  Still  farther  forward  the  adult  has  two  quite 
large  conical  protuberances  (Figs.  V,  VI  and  IX,  P)  and  the 
fissure  between  them  extends  upward  dividing  the  forehead.    The 
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purpose  of  these  organs  we  can  only  conjecture.  They  are  proba- 
bly feelers,  for  the  sense  of  touch,  but  not  homologies  of  palpi. 
As  organs  of  sense,  although  the  pigment  is  not  developed  in 
them,  they  seem,  by  their  relative  position,  to  represent  those 
equally  curious  sub-ocular  pigmented  tubercles  of  the  apple  bark- 
louse  {Mi/tildspis  pomicorticis)  which,  Riley  and  Signoret  agree, 
subserve  the  power  of  sight.  Mr.  Riley  has  figured  these  in  the 
male  louse  and  writes  thus :  He  has  no  proboscis  (having  lost  it 
when  shedding  the  larval  skin),  but  near  the  place  where  it  natu- 
rally would  be  are  a  couple  of  ocular  tubercles,  which  give  him  the 
appearance  of  having  four  eyes — two  above  and  two  below  (5th 
Rep.,  1873,  p.  84  and  Fig.  31,  a).  These  exist  also  in  M.  Har- 
risii^  for  I  have  observed  them  in  its  pupa.  Burraeister  has  fig- 
ured (Entomologie,  Taf.  II,  Fig.  2,  a)  in  Coccus  adonidum^  besides 
the  two  pairs  of  eyes  (upper  and  lower)  which  characterize  this 
genus,  also  just  such  conical  processes  as  occur  in  Psylla  pyrisuga 
Foerst.,  and  asserts  (Vol.  2,  p.  63)  that  '*  the  mouth  does  not  exist 
in  the  male  bark-lice,  while  with  many',  there  are  observed  two 
black  tubercles  on  the  under  side  of  the  head."  Comparing  these 
cases  with  that  of  our  Psylla  we  may  conclude  that  homologous 
protuberances  exist  in  both,  and  these  in  the  baik-lice  are  often 
connate  with  a  lower  pair  of  eyes.  We  shall  see  that  there  are 
also  other  indications  of  close  relationship  between  these  animals 
and  the  bark-lice.  Our  larva  may  represent  the  bark-louse  stage  of 
Psylla  pyrisuga^  from  its  resemblance  to  the  larval  and  female  bark- 
lice.  The  simulation  is  not  only  hi  general  form  and  mode  of  life, 
but  also  in  some  other  important  details.  The  anal  shield  (Figs. 
II  and  III,  x)  is  a  marked  characteristic  of  both.  The  mouth 
apparatus  lost  before  the  adult  stage  is  by  its  form  and  extremely 
backward  position  alike  in  both  ;  and  the  antennae  resemble  each 
other  somewhat.  Although  the  two  terminal  spines  of  the  an- 
tennae are  a  family  characteristic  for  the  adult  and  larval  Psyllas, 
I  believe  I  have  observed  the  same  in  the  youngest  larval  stage  of 
M,  Harrisii  and  in  a  larval  LimothHps  mail.  The  earliest  and 
lowest  distinct  number  of  autennal  divisions  is  also  the  same  for 
Psylla  and  Mytilanpis,  The  proximal  and  distal  autennal  segments 
are  enlarged.  Only  seven  segments  are  distinct  in  the  young 
Psylla  while  the  adult  has  ten.  The  last  three  are  not  distinctly 
indicated  in  the  larva  and  hence  constitute  but  one  from  which 
three  arise.     Similarly,  the  third  segment  is  hardly  separable  in 
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the  larva  while  it  develops  the  distinct  ones  within.  This  is  well 
seen  where  larvae  about  to  moult  have  been  mounted  in  a  preserva- 
tive fluid  which  causes  them  to  shrink  so  that  the  final  skin  is  drawn 
away  fVom  the  larval  skin,  rendering  their  articulations  easily  com- 
parable. The  mature  antennae  are  slender  and  each  has  its  distal 
portion  of  a  dark  color.  They  insert  in  front  of  the  large,  oval, 
compound  eyes.  On  the  head  between  the  eyes  are  dark  spots  re- 
garded as  ocelli  (Fig.  VI  c),  constituting  two  pairs  and  often  a  third 
pair  only  partly  separate  from  the  innermost  pair.  The  limbs  are 
adapted  for  walking  and  springing,  the  hind  ones  especially  strong, 
and  all  the  femurs  are  thickened  enabling  it  to  jump  like  a  flea. 

There  are  three  black  spurs  also  at  the  lower  extremity  of  the 
rear  tibia,  and  two  on  its  upper  tarsal  segment.  As  in  the  lanra, 
there  are  two  tarsals,  and  the  feet  (Fig.  X)  are  peculiarly  armed 
with  a  bilobed  adhesive  disk  and  two  stiflf  lateral  bristles  while  a 
larger  third  bristle  and  two  strong  hooks  are  united  and  retractile. 
These  are  probably  withdrawn  when  the  suckers  are  in  use.  Do 
these  movable  parts  represent  a  third  and  rudimentary  segment? 
The  young  cannot  jump  like  the  adults,  but  creep  about  slowly. 
The  contrast  between  the  adult  and  the  flat  larva  in  form  and 
actions  is  very  marked,  but  necessary  to  adapt  them  to  their  re- 
spective modes  of  life.  The  lobate  wings  of  the  advanced  larva 
stand  horizontally  while  the  wings  of  the  parents  slope  roof-like. 
When  it  springs  it  usually  takes  flight  with  its  two  pairs  of  excel- 
lent wings,  which  have  a  strong  brownish-yellow  venation  (Fig.  V) 
and  are  otherwise  not  colored  except  a  dark  spot  (pterostigma) 
above  the  back  (abdomen),  it  being  quite  large  on  the  fore  wings 
and  more  like  a  marginal  band  on  the  hind  ones.  By  strong  mag- 
nifying power,  the  thorax  and  head  are  seen  to  be  beautifully 
mailed  by  imbricated,  cycloid  scales.  The  general  color  of  this 
insect  is  variously  given  by  different  authors.  During  the  summer 
I  find  at  the  same  time  adults  difiering  much  in  color,  so  I  presume 
each  undergoes  some  changes  of  tint  after  attaining  maturity. 
The  change  seems  to  be  from  a  very  light  color  to  greenish-yellow, 
then  to  orange  and  finally  to  reddish-brown  variegated  with  crim- 
son, light  yellow  and  green,  while  in  some  all  these  colors  become 
very  dark.  I  have  often  seen  the  sexes  united  standing  side  by 
side,  but  the  males  are  very  much  less  numerous  than  the  females. 
The  ovipositor  (Figs.  V  and  VII  and  XI)  is  rather  complex,  and 
is  composed  of  two  shields,  one  above,  the  other  below,  enclosing 
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other  parts,  very  much  as  the  parts  of  a  bird's  bill  enclose  its 
tongue.    These  anal  plates  as  seen  from  abovie  or  below  are  lan- 
ceolate, while  in  profile  the  lowest  one  resembles  the  under  part 
of  a  bird's  beak,  and  the  upper  one  is  more  peculiar,  the  middle 
part  of  its  lower  margin  making  a  marked  curve  downward  and 
its  upper  outline  showing  a  slight  upward  swelling  (a)  with  a 
depressed  boundary  surrounding  it  near  the  abdomen.    When 
viewed  from  above  and  highly  magnified,  this  boundary  looks  as  if 
doubly  milled,  this  appearance  arising  fVom  a  structure  beneath 
and  resembling  a  double  layer  of  cells,  the  outer  ones  cuboid,  the 
inner  much  elongated  in  form  (Fig.  VII,  a).     It  reminds  us  of 
the  singly  milled  margin  (Fig.  UI,  e)  of  the  larval  vent,  but 
differs  essentially.     What  excites  interest  at  once  is  that  this 
figure  has  Just  the  same  size  and  outline  as  the  egg,  wherefore  we 
may  presume  that  it  is  an  organ  for  forming  a  thin  outer  coat  on 
the  egg  and  perhaps  also  for  producing  that  viscid,  fibrous  pro- 
longation of  the  egg  by  which  it  gains  a  firmer  attachment.    The 
shape  of  the  egg  (Fig.  I)  is  seen  to  be  nearly  that  of  a  common 
hen's  egg.    It  lies  upon  its  side,  not  erect  or  pendent  on  its  fibre. 
Looking  again  from  above  there  may  be  seen  beneath  the  apical 
part  a  pair  of  thin,  delicate,  concave  lobes  (J)  on  a  longitudinal 
shaft.     These  parts  with  other  side  pieces,  which  probably  serve 
as  guides,  are  seen  again  in  the  side-view.    The  size  and  form  of 
the  lobes  suggest  that  they  are  to  be  drawn  forward  to  grasp  the 
large  front  end  of  the  egg  and  push  it  backward.     The  anal  organs 
are  rather  pointed,  and,  like  those  of  some  related  gQnera,  are 
accused  of  injuring  the  ti*ees  by  perforating  their  parts  so  as  to 
cause  deformations,  etc.     Since  the  eggs  are  placed  on  the  surface, 
there  appears  no  purpose  for  such  work,  and  if  the  apparatus 
may  have  been  once  designed  and  used  for  it,  as  appears  with  its 
relatives,  it  has  probably  lost  the  habit  completely,  and  I  do  not 
find  the  malformations  described.     Also  the  outer  plates  are  well 
set,  even  to  their  points,  with  hairs  which  are  very  long  and 
strong  on  the  upper  one  and  seem  to  oppose  their  use  for  piercing. 
Hence  I  judge  that  statements  like  the  following  are  not  based 
on  observation,  but  only  ascribe  to  this  creature  the  habits  of 
some  of  its  relatives.    "  The  females  are  provided  with  a  sharp, 
awl-like  instrument  at  their  hinder  extremity,  with  which  they 
pierce  the  buds  and  leaves  and  therein  deposit  their  eggs.     This 
operation  often  gives  rise  to  small  swellings  or  excrescences, 
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which  serve  as  indications  of  the  places  affected  by  them." — 
Uhler,  U.  S.  Agr.  Rep.,  1860,  p.  314.  The  eggs  (Fig.  I)  have 
been  described  as  oval,  3'ellow  and  resembling  pollen  grains. 
They  are  so  small  as  to  be  barely  visible  without  a  microscope 
and  are  hard  to  find.  They  generally  appear  like  yellow  particles 
of  dust  scattered  on  the  felty  surfaces  of  the  twigs  or  leaves, 
chiefly  near  the  veins  where  the  adults  are  also  most  commonly 
seen.  On  magnifying  them  highly,  I  find  that  each  has  a  trans- 
parent fibre  extending  from  its  apex  as  an  attachment  to  the  part 
on  which  the  eggs  are  laid. 

The  larva  on  leaving  the  egg  is  yellowish-white  and  creeps  about 
slowly  without  any  essential  change  of  form,  except  in  the  devel- 
opment of  lobate  winglets,  until  the  last  slough,  whereby  it  attains 
the  mature  state.  For  this  final  moult  they  go  out  underneath  the 
leaves  where  their  skins  are  left.  Soon  after  hatching,  the  color 
changes  to  a  brownish  bark-color  marked  with  the  yellowish  white 
background  appearing  in  bands.  They  have  an  average  size 
1.50  mm.  long  and  1  mm.  wide  (Figs.  II  and  III).  During  earliest 
life  there  exudes  a  waxy  fibre  which  often  forms  a  mesh,  observable 
with  the  microscope,  on  the  plant,  probably  to  help  secure  the 
feeble  young  more  safely.  Besides  using  the  sap  to  nourish  them- 
selves, they  must  also  consume  a  great  quantity  to  manufacture 
that  sweet  glandular  secretion,  the  honey-dew,  which  they  squirt 
on  the  plant.  This  attracts  other  insects,  but  chiefiy  the  ants, 
which  also  serve  as  their  protectors  against  enemies.  The  ants 
attend  and  milk  them  as  afi*ectionately  as  they  do  the  aphides. 
Iloney-dew  is  also  yielded  by  the  adults.  The  broad,  semicircular, 
abdominal  shield  is  one  of  the  greatest  peculiarities  of  these  larvse. 
Its  margin  bears  thick  hollow  hairs,  which  probably  are  elongated 
honey-dew  pores.  Similar  hairs  occur  on  the  margins  of  other 
parts.  The  larvaB  are  the  injurious  forms  and  seem  to  make  a 
specialty  of  destroying  the  buds  by  sucking  the  sap  near  and  about 
their  bases.  Even  when  sparse,  the  harm  is  great,  because  it  then 
works  so  gradually  that  it  is  pretty  sure  to  escape  notice  while  the 
fatal  results  follow,  though  slowly,  yet  with  certainty.  It  is  known 
that  apple  trees  are  sometimes  slightly  aflected  by  this  pest  as  I 
have  also  observed.  This  year  (1879)  the  most  damage  was  done 
in  the  spring.  During  and  after  July,  chiefiy  scattered  individuals 
and  few  groups  were  found.  But  on  a  few  trees,  especially  those 
near  some  large  ants'  nests,  they  continued  abundant  until  late  in 
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the  fall.  They  seem  to  exist  in  all  stages  at  all  times  daring  the 
summer,  and  now  in  the  middle  of  November,  when  this  MS.  is 
going  to  press,  I  find  a  few  larvse.  It  is  claimed  in  Europe  that  the 
females  hibernate  under  the  bark  and  lay  their  eggs  in  the  spring. 
I  am  not  sure  of  this,  but  think  the  eggs  may  hibernate  also.  As 
soon  as  the  buds  expand,  it  is  said  that  the  adults  apparently 
begin  to  deposit  their  eggs.  Thus  it  is  seen  that  they  work  and 
reproduce  constantly  throughout  the  whole  season.  Now  the  char- 
acter and  extent  of  its  work  with  us,  as  well  as  its  history  in  the 
Old  World,  shows  that  the  damages  resulting  from  this  insect  are 
very  serious  and  liable  to  be  all-extensive  in  the  United  States. 
According  to  Dr.  Harris  (1865),  it  was  imported  from  Europe  in 
1833  on  young  pear  trees  by  one  Dr.  Plumb  of  Salisbury,  Conn., 
for  whom  it  destroyed  several  hundred  trees  in  a  few  years  (1834-8) 
and  had  afterwaixls  spread  into  some  neighboring  counties  of  New 
York,  Massachusetts  and  Connecticut.  It  has  continued  to  adapt 
itself  to  withstand  the  American  enemies  and  climate  and  to  dis- 
tribute itself  more  widely.  Now  it  has  already  reached  many  other 
states  and  the  prospect  is  that  it  is  being  conveyed  elsewhere 
through  the  shipping  of  nursery  stock  and  its  own  migrations.  At 
present  it  is  the  worst  enemy  the  pear  tree  has  in  our  region  and 
is  likely  to  become  such  throughout  the  country.  Dr.  Plumb  re- 
ported that  most  of  the  trees  destroyed  for  him  died  during  the 
next  summer  after  the  attack. 

Any  person  not  acquainted  with  the  insect  would  naturally,  I 
think,  have  attributed  it  to  blight.  I  have  in  some  instances 
noticed  blight  to  propagate  itself  from  the  dying  buds  and  to  kill 
the  branch  in  the  same  season,  and  I  have  no  doubt  that  this  insect 
may  often  be  the  remote  cause  of  otherwise  unaccounted-for  blights 
of  branches  or  whole  trees.  Most  of  our  diseased  pear  trees  show 
that  it  has  prevented  their  growth  in  past  years,  also  in  the  many 
dead-ended  and  shrubby-ended  branches.  It  deserves  as  much  at- 
tention fVom  pear-growers  as  does  the  Phyllocera  from  grape  culti- 
vators. Like  this  insect  it  prefers  certain  varieties  of  its  food-plant 
more  than  others.  These  should  be  made  known.  Also  its  mode 
of  hibernation  and  its  friends  and  enemies  need  to  be  studied  and 
practical  preventions  devised.  In  the  spring  I  have  noticed  a 
small  larva  of  Limothrips  somewhat  augmenting  the  injuries  done 
by  the  bud-louse.    Most  ordinary  enemies  of  the  plant-lice  prey 
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on  it,  especially  the  young  lady-birds  and  lace-wings,  while  a  red 
mite  probably  spoils  its  eggs.    The  young  do  not  usually  occur 
in  groups  large  enough  to  sustain  the  deyelopment  of  the  blind 
Syrphus-fly  inaggots  so  destructive  to  most  plant-lice.    In  general, 
I  judge  that  its  season  will  be  longest  and  most  successful  where 
it  is  well  protected  by  ants,  whose  nests  should  be  sought  and 
ruined.    I  have  concluded  that  the  good  done  by  ants  as  scaven- 
gers is  much  more  than  balanced  by  their  cultivating  the  herds 
of  various  kinds  of  plant-lice  which  are  such  a  great  damage  to 
our  vegetation,  hence  the  ants  should  be  destroyed  invariably  when 
not  of  value  in  fertilizing  flowers.    The  adult  P.  pyrisuga  Foerst. 
is  so  quick  as  to  escape  from  all  enemies.    The  young  larvse  may 
be  eradicated  by  a  stiff  brush,  except  fiiom  the  leaf  and  bud  axils. 
When  once  well  established  on  many  trees  this  manual  work  would 
be  too  great  to  undertake,  but  is  to  be  recommended  when  th^ 
are  first  becoming  introduced  or  when  they  are  scarce  in  the  spring, 
especially  on  the  young  and  dwarf  trees  which  they  seem  to  pre- 
fer.   In  applying  insecticides  we  must  remember  that  they  do  not 
eat  and  therefore  will  not  take  in  solid  or  liquid  remedies.    Hence 
it  is  necessary  to  use  volatile  poisons  which  may  be  Inhaled  by 
them.    These  are  quite  numerous  and  the  most  effective  should  be 
placed  on  the  parts  inhabited.    We  cannot  be  sure  which  is  the 
best  way  to  combat  these  insects  until  we  are  positive  how  they 
hibernate.    If  they  winter  in  the  crevices  of  the  bark  the  remedies 
should  and  could  be  applied  there  in  winter  with  excellent  results. 
The  following  will  prove  efficacious  if  persistently  and  thoroughly 
applied:  soap,  benzine,  coal  oil,  turpentine,  coal  tar.     Most  of 
these  should  be  applied  in  a  state  of  strong  solution  with  water. 
One  part  of  benzine  or  coal  oil  to  ten  of  water  will  do  well.     And 
they  will  be  of  still  greater  value  if  mixed  with  sulphur  flour  or 
lime  to  form  a  whitewash. 

With  the  reque9t  that  general  attention  be  given  to  this  little 
pest  and  that  information  concerning  it  be  addressed  to  the  En- 
tomological Department  of  Cornell  University  at  Ithaca,  N.  Y., 
I  hope  that  our  knowledge  of  it  may  become  much  improved. 


Digitized  by  VjOOQ IC 


TITLES  OF  OTHER  PAPERS  READ  IN  SECTIONS. 


On  the  Anthracite  Coal  Fields  of  Pennsylvania  and  theib 
RAPID  exhaustion.^    Bj  P.  W.  Shbafer,  of  Pottsville,  Pa. 

On  the  Anatomt  of  Plathelionths.  By  Chas.  Sedgwick  Minot, 
of  Boston,  Mass. 

On  the  Histoloot  of  Insects.  By  Chas.  Sedowigk  Minot,  of 
Boston,  Mass. 

On  the  Molluscan  DREDomas  in  the  Gulf  of  Mexico  and 

YICINITT    BT  THE    U.   S.   COAST    SURYET    StEAMER    BlAKE    IN 

1877-9.    By  Wm.  H.  Dall,  of  Washington,  D.  C. 

On  THE  Fertilization  of  Yucca.  By  Thomas  Meehan,  of 
Grermantown,  Pa. 

Objects  of  Sex  and  of  Odor  in  Flowers.  By  Thohas  Meehan, 
of  Grermantown,  Pa. 

The  newlt-discovered  Cate  in  Lurat,  Page  Co.,  Ya.  By  Jno. 
W.  Chickerino,  Jr.,  of  Washington,  D.  C. 

The  Ethnical  influences  of  Physical  Geoorapht.  By  Daniel 
Wilson,  of  Toronto,  Canada. 

Two  INSTANCES  OF  APPARENT  DISINTERESTEDNESS  AMONG  ANIMALS. 

By  Burt  G.  Wilder,  of  Ithaca,  N.  Y. 

Notes  on  the  Anatomy  of  the  cat's  brain.  By  Burt  G.  Wilder, 
of  Ithaca,  N.  Y. 

On  a  cat's  brain  with  the  corpus  callosum  absent  or  undiffer- 
entiated.   By  Burt  G.  Wilder,  of  Ithaca,  N.  Y. 

Frozen  sections  of  the  cat  preserved  in  Alcohol.  By  Burt 
G.  Wilder,  of  Ithaca,  N.  Y. 

practical  illustration  of  the  use  of  some  new  or  little  known 
Anatomical  and  Physiological  instruments  and  apparatus. 
By  Burt  G.  Wilder,  of  Ithaca,  N.  Y. 

1  ThU  paper  haa  been  printed  by  the  author  since  the  meeting. 

(487) 


Digitized  by  \J OOQ IC 


488  TITLES   OF  OTHER  PAPEBS   READ    IN   SECTION  B. 

ReCEMTLT   DISCOVERED   CuPREOUS  VEINS   AT  BlUE   HiLL,  Me.       Bj 

C.  H.  Hitchcock,  of  Hanover,  N.  H. 

The  Green  Mountain  Anticlinal.  By  C.  H.  Hitchcock,  of 
Hanover,  N.  H. 

The  Interoceanic  Canal  Problem.  By  Edward  P.  Lull,  of 
Washington,  D.  C. 

On  a  remarkable  Crinoidal  form  recently  discovered  in 
Tennessee,  with  exhibition  of  specimens.  By  James  M. 
Safford,  of  Nashville,  Tenn. 

On  the  thinning  out  and  absence  of  Upper  Silurian  and  De- 
vonian formation  in  Tennessee.  By  James  M.  Safford, 
of  Nashville,  Tenn. 

On  the  Geology  of  Port  Henry,  N.  Y.  By  T.  Sterry  Hunt, 
of  Montreal,  Canada. 

Consonantal  Expression  of  Emotion.  By  Clarence  J.  Blake, 
of  Boston,  Mass. 

The  Fauna  of  the  Lower  Heldbrberg  Group,  in  relation  to 
THE  Corals  Bryozoa  and  Echinodermata.  By  James  Hall, 
of  Albany,  N.  Y. 

Notes  upon  the  Genera  Fbnestella,  Hemitrypa,  etc.  By 
James  Hall,  of  Albany,  N.  Y. 

On  the  genus  Pleurotomaria.    By  Wm.  H.  Dall,  of  Washington, 

D.  C. 

On  the  Geology  of  Bermuda.  By  Wm.  North  Rice,  of 
Middletown,  Conn. 

Sexual  Differentiation  in  Epigjea  repens.  By  Lester  F. 
Ward,  of  Washington,  D.  C. 

Homologies  in  the  LAURACiEA.  By  Lester  F.  Ward,  of  Wash- 
ington, D.  C. 

Note  on  the  Movement  of  the  Stamens  of  Sabbatia  angularis. 
By  Lester  F.  Ward,  of  Washington,  D.  C. 

On  the  Present  Condition  of  the  Work  upon  the  Paleontology 
OF  New  York.    By  James  Hall,  of  Albany,  N.  Y. 


Digitized  by  VjOOQ IC 


titles  of  other  papers  read  in  section  b.  489 

The  Development  of  the  Neuration  in  the  Wings  of  Insects, 
AS  illustrated  in  the  History  of  Cockroaches.  By  S.  H. 
ScuDDER,  of  Cambridge,  Mass. 

"Colors  and  Defective  Vision.  By  D.  G.  Croly,  of  New  York, 
N.  Y. 

Gypsum  Sand.    By  A.  P.  S.  Stuart,  of  Lincoln,  Nebraska. 

An  Apparatus  for  Photographing  Natural  History  Objects 
in  a  Horizontal  Position.    By  S.  H.  Gage,  of  Ithaca,  N.  Y. 

A  Successful  Moth-trap.     By  W.  S.  Barnard,  of  Ithaca,  N.  Y. 

On  the  Progress  of  the  Second  Geological  Survey  of  Penn- 
sylvania.    By  J.  P.  Lesley,  of  Philadelphia,  Pa. 

On  the  Triassic  Rocks  of  New  Jersey.  By  Geo.  H.  Cook,  of 
New  Brunswick,  N.  J. 

A  New  Form  of  Unpolarizable  Electrodes  for  Physiological 
Research.    By  H.  P.  Bowditch,  of  Boston,  Mass. 

The  Genesis  of  the  Serpentine  of  Reichenstein,  etc.  By  R. 
B.  Hare,  of  Ontario,  Canada. 

On  the  Surface  Limits  pf  Thickness  of  the  Continental  Gla- 
cier, IN  New  Jersey*  By  J.  C.  Smock,  of  New  Brunswick, 
N.J. 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


PERMANENT 
SUBSECTION     OF    ANTHROPOLOGY. 


Digitized  by  VjOOQ iC 


Digitized  by  VjOOQ IC 


PAPERS     READ. 


The  Sign  Language  of  the  North  American  Indians.  By 
Garrick  Mallert,  U.  S.  Army,  Washington,  D.  C. 
While  the  study  of  the  Sign  Language  of  the  North  American 
Indians  is,  for  reasons  to  be  suggested,  of  special  utility,  it  claims 
general  interest  from  its  illustration  of  the  ancient  intercommuni- 
cation of  mankind  by  gesture.  Many  arguments  have  been  ad- 
duced to  prove  that  the  latter  preceded  articulate  speech.  The 
corporeal  movements  of  the  lower  animals  to  express,  at  least, 
emotion,  have  been  correlated  with  those  of  man,  and  classified 
by  Darwin  as  explicable  on  the  principles  of  serviceable  associated 
habits,  of  antithesis  and  of  the  constitution  of  the  nervous  sys- 
tem. A  child  employs  intelligent  gestures  long  in  advance  of 
speech,  although  very  early  and' persistent  attempts  are  made  to 
give  it  instruction  in  the  latter  but  none  in  the  former,  and  long 
after  familiarity  with  speech,  it  consults  the  gestures  and  facial 
expressions  of  its  parents  and  nurses  as  if  to  translate  or  explain 
their  words  :  which  facts  are  important  in  reference  to  the  biologic 
law  that  the  order  of  development  of  the  individual  is  the  same 
as  that  of  the  species.  Persons  of  limited  vocabulary,  whether 
foreigners  to  the  tongue  employed,  or  native  but  not  accomplished 
in  its  use,  even  in  the  midst  of  a  civilization  where  gestures  are 
deprecated,  when  at  fault  for  words  resort  instinctively  to  physical 
motions  that  are  not  wild  or  meanjngless,  but  picturesque  and  sig- 
nificant though  perhaps  made  b}^  the  gesturer  for  the  first  time ; 
and  the  same  is  true  of  the  most  fluent  talkers  on  occasions  when 
the  exact  vocal  formula  desired  does  not  at  once  suggest  itself  or 
is  not  satisfactory  without  assistance  from  the  physical  machinery 
not  embraced  in  the  oral  apparatus.  The  signs  used  by  unin- 
structed  congenital  deaf-mutes  and  the  facial  expression  and  gest- 
ures of  the  congenitally  blind  also  present  considerations  under 
the  heads  of  heredity  and  atavism.  In  conjecturing  the  first  at- 
tempts of  man,  or  his  hypothetical  ancestor,  at  the  expression 
either  of  percepts  or  concepts,  it  is  diflScult   to  connect  vocal 
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sounds  with  any  large  number  of  objects,  but  readily  conceivable 
that  there  should  have  been  resort,  next  to  actual  touch,  to  sug- 
gest the  characteristics  of  their  forms  and  movements,  to  the  eye, 
fully  exercised  before  the  tongue,  so  soon  as  the  arms  and  fingers 
became  free  for  the  requisite  simulation  or  portrayal.  Linguistic 
scholars  have  recently  decided  that  the  search  for  imitative,  ono- 
matopoetic  and  directly  expressive  sounds  to  explain  the  origin  of 
human  speech  has  been  too  exclusive,  and  that  many  holophrastic 
roots  of  language  have  been  founded  in  the  involuntary  sounds 
accompanying  certain  actions ;  but  as  the  action  was  the  essential, 
and  the  consequent  or  concomitant  sound  the  accident,  it  would 
be  expected  that  a  representation  or  feigned  reproduction  of  the 
action  would  have  been  used  to  express  the  idea  before  the  sound 
associated  with  that  action  could  have  been  separated  from  it. 
There  is  also  strong  probability  that  in  the  pristine  days  when  the 
sounds  of  the  only  words  yet  formed  had  close  connection  with 
objects  and  the  ideas  directly  derived  from  them,  signs  were  as 
much  more  copious  for  communication  than  speech,  as  the  sight 
embraces  more,  and  more  distinct,  characteristics  of  objects  than 
does  the  sense  of  hearing. 

For  the  present  purpose  there  is,  however,  no  need  to  determine 
upon  the  priority  between  communication  of  ideas  by  bodily  mo- 
tion and  by  vocal  articulation,  if  it  be  but  admitted  that  the  con- 
nection between  them  was  so  early  and  intimate  that  the  gestures 
in  the  wide  sense  indicated  had  a  direct  formative  effect  upon 
many  words, —  that  they  exhibit  the  earliest  condition  of  the 
human  mind, — are  traced  from  the  farthest  antiquity  among  all 
peoples  possessing  records, —  are  universally  prevalent  in  the 
savage  stage  of  social  evolution,  and  still  adhere  to  the  ordinary 
speech  of  civilized  man  by  motions  of  the  face,  hands,  head  and 
body,  often  involuntary,  often  purposely  in  illustration  or  emphasis. 

The  power  of  the  visible  gesture  relative  to  and  its  influence 
upon  the  words  of  modern  oral  speech  are  perhaps,  though  with 
the  qualification  hereafter  indicated,  in  inverse  proportion  to  the 
general  culture,  but  do  not  bear  that  or  any  constant  proportion 
to  the  development  of  the  several  languages  with  which  gesture 
is  still,  more  or  less,  associated.  Thej'  are  affected  more  by  the 
sociological  conditions  of  the  speakers  than  by  the  degree  of  ex- 
cellence of  their  tongue.  The  statement  is  frequently  made  that 
gesture  is  yet  to  some  highly-advanced   languages  a  necessary 
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modifying  factor,  and  that  only  when  a  language  has  become  so 
artificial  as  to  be  completely  expressible  in  written  signs — indeed, 
has  been  remodelled  through  their  long  familiar  use — can  the 
bodily  signs  be  wholly  dispensed  with.  The  stoiy  has  been  told 
by  travellers  in  many  parts  of  the  world  that  various  languages 
cannot  be  clearly  understood  in  the  dark  by  their  possessors, 
using  their  mother  tongue  between  themselves.  The  evidence  for 
this  anywhere  is  suspicious,  and  when  it  is,  as  it  often  has  been, 
asserted  about  some  of  the  tribes  of  North  American  Indians,  it 
is  absolutely  false,  and  must  be  attributed,  to  the  en*or  of  trav- 
ellers, who,  ignorant  of  the  dialect,  never  see  the  natives  except 
when  trying  to  make  themselves  understood  by  their  visitors,-  or 
perhaps  when  they  are  guarding  against  being  overheard  by 
others.  In  fact,  individuals  of  those  American  tribes  specially 
instanced  in  these  reports  as  unable  to  converse  without  gesture, 
often^  in  their  domestic  abandon^  wrap  themselves  up  in  robes  or 
blankets,  with  only  breathing  holes  before  the  nose,  so  that  no 
part  of  the  body  is  seen,  and  chatter  away  for  hours,  telling  long 
stories.  If  in  daylight  they  thus  voluntarily  deprive  themselves 
of  the  possibility  of  making  signs,  it  is  clear  that  their  preference 
for  talks  around  the  fire  at  night  is  explicable  by  very  natural 
reasons  wholly  distinct  from  the  one  attributed.  The  inference, 
once  carelessly  made  from  the  free  use  of  gesture  by  some  of  the 
Numa  stock,  that  their  tongue  was  too  meagre  for  use  without 
signs,  is  refuted  by  the  now  ascertained  fact  that  their  vocabulary 
is  remarkably  copious  and  their  parts  of  speech  highly  differ- 
entiated. 

The  true  distinction  is  that  where  people  speaking  precisely  the 
same  dialect  are  not  numerous,  and  are  thrown  into  constant  con- 
tact on  equal  terms  with  others  of  differing  dialects  and  languages, 
gesture  is  necessarily  resorted  to  for  converse  with  the  latter,  and 
remains  as  a  habit  or  accomplishment  among  themselves ;  while 
large  bodies  enjoying  a  common  speech,  and  either  isolated  from 
foreigners,  or,  when  in  contact  with  them,  so  dominant  as  to 
compel  the  learning  and  adoption  of  their  own  tongue,  become 
impassive  in  its  delivery.  The  undemonstrative  English,  long 
insular,  and  now  rulers  when  spread  over  continents,  may  be 
compared  with  the  profusely-gesticulating  Italians  dwelling  in  a 
maze  of  dialects,  and  subject  for  centuries  either  to  foreign  rule  or 
to  the  influx  of  strangers  on  whom  they  depended.    The  difference 
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in  what  is  vaguely  styled  temperament  does  not  wholly  explain  this 
contrast.  As  the  number  of  dialects  in  any  district  decreases  so 
will  the  gestures,  though  doubtless  there  is  also  influence  from  the 
fact,  not  merely  that  a  language  has  been  reduced  to  and  modified 
by  writing,  but  that  people  who  are  accustomed  generally  to  read 
and  write,  as  are  the  £ngUsh  and  Germans,  will  alter  a  time  think 
and  talk  as  they  write,  and  without  the  accompaniments  still  per- 
sistent among  Hindus,  Arabs,  and  the  less  literate  Europeans. 

Instances  are  shown  of  the  discontinuance  of  gesture-speech 
with  no  development  in  the  native  language  of  the  gesturers,  but 
from  the  invention  for  intercommunication  of  one  used  in  common. 
The  Kalapuyas  of  southern  Oregon  until  recently  used  a  sign- 
language,  but  have  gradually  adopted  for  'foreign  intercourse  the 
composite  tongue,  commonly  called  the  Tsinuk  or  Chinook  jargon, 
that  arose  for  trade  purposes  on  the  Columbia  river  before  the 
advent  of  Europeans,  founded  on  the  Tsinuk,  Tsihali,  Nutka,  etc., 
but  now  enriched  by  English  and  French  terms,  and  have  nearly 
forgotten  their  old  signs.  The  prevalence  of  this  mongrel  speech, 
originating  in  the  same  causes  that  produced  the  pigeon-English 
or  lingua-franca  of  the  Orient,  explains  the  marked  scantness  of 
sign-language  among  the  Oregoniau  tribes. 

When  the  specific  practice  of  the  sign  language  has  been  dis- 
continued either  from  the  adoption  of  a  jargon  or  from  the 
common  use  of  the  tongue  of  the  conquering  English,  French  or 
Spanish,  some  of  the  gestures  formerly  employed  as  substitutes  for 
words  may  survive  as  a  customary  accompaniment  to  oratory  or 
impassioned  conversation  and,  when  ascertained,  should  be  care- 
fully noted.  An  example,  among  many,  may  be  found  in  the  fact 
that  the  now  civilized  Muskoki  or  Creeks,  when  speaking  of  the 
height  of  children  and  women,  illustrate  their  words  by  holding 
the  hand  at  the  proper  elevation,  palm  up ;  but  when  describing 
the  height  of  animals  or  inanimate  objects,  the}^  hold  the  palm 
downward.  This,  when  correlated  with  the  distinctive  signs  of 
other  Indians,  appears  to  be  an  interesting  case  of  the  survival  of 
a  practice  which  the  oldest  men  of  the  tribe  only  remember  vaguely 
by  tradition. 

The  assertion  has  been  made  by  many  writers,  and  is  cuiTcntly 
repeated  by  Indian-traders  and  army  officers,  that  all  the  tribes 
of  North  America  have  had  and  still  use  a  common  and  identical 
sign-language  of  ancient  origin,  in  which  they  can  communicate 
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freely  without  oral  assistance.  The  truth  of  this  remarkable 
statement,  contradicting  some  canons  of  evolution,  can  only  be 
tested  by  cai'eful  comparison  of  lists  or  sign  vocabularies,  taken  at 
widely  different  times  and  places.  For  this  purpose  lists  have 
been  collated  by  the  writer,  taken  in  different  parts  of  the  country, 
at  several  dates  from  the  last  century  to  the  last  month,  compris- 
ing together  more  than  eight  hundred  signs,  many  of  them,  how- 
ever, being  mere  variants  or  synonyms  for  the  same  object  or 
quality. 

The  result  of  the  collation  and  analysis  thus  far  made  is,  that  the 
alleged  existence  of  one  universal  and  absolute  sign-language  is,  in 
its  terras  of  general  assertion,  one  of  the  many  popular  errors 
prevailing  about  our  aborigines.  In  many  instances  there  is  an 
entire  discrepancy  between  the  signs  made  by  different  bodies  of 
Indians ;  and  if  any  of  these  are  regarded  as  determinate,  or  even 
widely  conventional,  and  used  without  further  devices,  they  will 
fail  in  conveying  the  desired  impression  to  any  one  unskilled  in 
gesture  as  an  art,  who  had  not  formed  the  same  precise  concep- 
tion, or  been  instructed  in  the  arbitrary  motion.  Very  few  of  the 
limited  number  of  gestures  that  are  found  in  current  use  are  in 
their  origin  conventional,  but  are  only  portions,  more  or  less 
elaborate,  of  obvious  natural  pantomime,  and  those  proving  to 
convey  most  successfully  the  several  ideas  became  the  most  widely 
adopted.  Sometimes  signs,  doubtless  once  air-pictures  of  the 
most  striking  outline  of  an  object,  or  of  the  most  characteristic 
features  of  an  action,  have  in  time  become  abbreviated,  and  to 
some  extent  conventionalized,  among  members  of  the  same  tribe 
and  its  immediate  neighbors,  and  have  not  become  common  to 
them  with  other  tribes  simply  because  the  form  of  abbreviation 
has  been  peculiar.  Jn  other  cases,  with  the  same  conception  and 
attempted  characterization,  another,  yet  equally  appropriate, 
delineation  has  been  selected,  and  when  both  of  the  differing 
delineations  have  been  abbreviated  the  diversity  is  vastly  increased. 
The  original  conception,  being  independent,  has  necessarily  also 
varied,  because  all  objects  have  several  characteristics,  and  what 
struck  one  set  of  people  as  the  most  distinctive  of  these  would 
not  always  so  impress  another.  From  these  reasons  we  cannot 
expect,  without  trouble,  to  understand  the  etymology  of  all  the 
signs,  being  less  ricli  in  ancillary'  material  than  were  even  the 
A.  A.  A.  s.,  VOL.  xxvni.  32 
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old  philologists,  who  guessed  at  Latin  and  Greek  derivations 
before  they  were  assisted  by  Sanscrit  and  other  Aryan  roots. 

It  must  be  noted  that  in  the  study  and  analysis  of  all  written 
descriptions  of  Indian  signs  there  is  danger  lest  the  civilieed 
understanding  of  the  original  conception  may  be  mistaken  or 
forced.  The  liability  to  error  is  increased  from  the  fact  that  some 
of  the  collections  are  not  taken  directly  from  the  Indians  them- 
selves, but  are  given  as  obtained  at  second-hand  from  white 
traders,  trappers,  and  interpreters,  who,  through  misconception 
in  the  beginning  and  their  own  introduction  or  modification  of 
gestures,  have  produced  a  jargon  in  the  sign  as  well  as  in  the  ora^ 
intercourse.  If  an  Indian  finds  that  hia  interlocutor  insists  upon 
understanding  and  using  a  certain  sign  in  a  particular  manner,  it 
is  within  the  very  nature,  tentative  and  elastic,  of  the  gesture  art 
— both  performers  being  on  an  equality — that  he  should  adopt  the 
one  that  seems  to  be  intelligible  or  that  is  presseil  upon  him,  as 
with  much  greater  difficulty  he  has  learned  and  adopted  many 
foreign  terms  used  with  whites  but  never  with  his  own  race. 
Thus  there  is  now,  and  perhaps  always  has  been,  what  may  be 
called  a  linguorfranca  in  the  sign  vocabulary. 

The  attempt  to  convey  meaning  by  signs  w,  however,  universal 
among  the  Indians  of  the  plains  and  those  still  comparatively 
unchanged  by  civilization,  as  is  its  successful  execution  in  a  cul- 
tivated art,  which  consists  in  actually  pointing  out  objects  in  sight, 
not  only  for  designation,  but  for  application  and  predication,  and 
in  suggesting  others  to  the  mind  by  action  and  the  airy  forms 
produced  by  action.  It  is  very  noticeable  that  the  Indian  signs 
are  characterized  by  motion  rather  than  by  position,  and  that  the 
motions  are  large  and  free,  seldom  minute. 

In  no  other  part  of  the  world  has  there  been  spread  over  so  vast 
a  space  so  small  a  number  of  individuals  divided  by  so  many  lin- 
guistic and  dialectic  boundaries.  Many  wholly  distinct  tongues 
have  for  a  long  indefinite  time  been  confined  to  a  few  SQores  of 
speakers,  verbally  incomprehensible  to  all  others  on  the  face  of 
the  earth  who  did  not,  from  some  rarely  operating  motive,  labo- 
riously acquire  their  language.  Even  when  the  American  race,  so 
styled,  fiourished  in  the  greatest  population  of  which  we  have  any 
evidence  (at  least  according  to  the  views  of  the  present  writer 
published  in  the  Proceedings  of  this  Association,  Nashville  Meet- 
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ing,  Vol.  XXVI),  the  immense  number  of  languages  and  dialects 
still  preserved,  or  known  by  early  recorded  fragments  to  have  once 
existed,  so  subdivided  it  that  but  the  dwellers  in  a  very  few  villages 
could  talk  together  with  ease,  and  all  were  interdistributed  among 
unresponsive  vernaculars,  each  to  the  other  being  bar-bar-ous  in 
every  meaning  of  the  term.  It  is,  however,  noticeable  that  the 
three  great  families  of  Iroquois,  Algonkin,  and  Muskoki,  when 
met  by  their  first  visitors,  do  not  appear  to  have  often  impressed 
the  latter  with  their  reliance  upon  a  gesture  code  to  the  same 
extent  as  has  always  been  reported  of  those  now  and  formerly 
found  farther  inland.  If  this  absence  of  report  arose  from  the 
absence  of  tlie  practice  and  not  from  imperfection  of  observation, 
the  latter  being  more  probable,  an  explanation  may  be  suggested 
fVom  the  fact  that,  among  those  families  there  wei*e  more  people 
dwelling  near  together  in  sociological  communities,  of  the  same 
language,  though  with  dialectic  peculiarities,  than  became  known 
later  in  the  later  West,  and  not  being  nomadic,  their  intercourse 
with  strange  tribes  was  less  individual  and  conversational. 

The  use  of  gesture  signs,  continued,  if  not  originating,  in  neces- 
sity for  communication  with  the  outer  world,  became  cntribally 
convenient  from  the  habits  of  hunters,  the  main  occupation  of  all 
savages,  depending  largely  upon  stealth}*^  approach  to  game,  and 
from  the.sole  form  of  their  military  tactics — to  sui'prise  an  en- 
emy. In  the  still  expanse  of  virgin  forests,  and  especially  in 
the  boundless  solitudes  of  the  great  plains,  a  slight  sound  can  be 
heard  over  a  vast. area,  that  of  the  human  voice  being  from  its 
rarity  the  most  startling,  so  that  it  is  now,  as  it  probably  has 
been  for  centuries,  a  common  precaution  for  members  of  a  hunt- 
ing or  war  party  not  to  speak  together  when  on  such  expeditions, 
communicating  exclusively  by  signs.  The  acquired  habit  exhibits 
itself  not  only  in  formal  oratory,  but  ih  impassioned  conversation. 

This  domestic  as  well  as  foreign  exercise  for  generations  in  the 
gesture-language  has  naturally  produced  great  skill  both  in  ex- 
pression and  reception,  so  as  to  be  measurably  independent  of 
any  prior  mutual  understanding,  or  what  in  a  system  of  signals 
is  called  preconcert.  Two  accomplished  army  signalists  can,  after 
sufficient  trial,  communicate  without  either  of  them  learning  the 
code  practised  by  the  other,  one  being  mutually  devised  for  the 
occasion,  and  those  specially  designed  for  secrecy  are  often  de- 
ciphered.    So,  if  any  one  of  the  more  approximately  conventional 
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signs  is  not  quickly  comprehended,  an  Indian  skilled  in  the  prin- 
ciple of  signs  resorts  to  another  expression  of  his  flexible  art, 
perhaps  reproducing  the  gesture  unabbreviated  and  made  more 
graphic,  perhaps  presenting  either  the  same  or  another  conception 
or  quality  of  the  same  object  or  idea  by  an  original  portraiture. 
A  lesson  was  learned  by  the  writer  as  to  the  abbreviation  of  signs, 
and  the  possibility  of  discovering  the  original  meaning  of  those 
most  obscure,  from  the  attempt  of  a  Cheyenne  to  convey  the  idea 
of  old  man.  He  held  his  right  hand  forward,  bent  at  elbow,  fingers 
and  thumb  closed  side  wise.  This  not  conveying  any  sense,  he 
found  a  long  stick,  bent  his  back,  and  supported  his  A'ame  in  a 
tottering  step  by  the  stick  held,  as  was  before  only  imagined. 
There,  at  once,  was  age  dependent  on  a  staff.  It  is  probable  that 
none  of  the  Indian  signs  are  arbitrary,  but  that  in  them  as  in  all 
his  actions,  man  had  at  first  a  definite  meaning  or  purpose,  to- 
gether with  method  in  their  after  changes  or  modifications.  The 
formation  and  reception  of  signs  upon  a  generally  understood 
principle,  by  which  they  may  be  comprehended  when  seen  for 
the  first  time,  is  doubtless  one  explanation  of  the  report  of  a 
common  code,  as  out  of  a  variety  of  gestures  appropriate  to  ex- 
press a  particular  idea,  an  observer  may  readily  have  met  the  same 
one  in  several  localities.  The  same  tribe  has,  indeed,  in  some 
instances,  as  appears  by  the  collected  lists,  a  choice  alceady  fur- 
nished by  tradition  or  importation,  or  both  together,  of  several 
signs  for  the  same  thought-object.  Thus  there  are  produced  syno- 
nyms as  well  as  dialects  in  the  sign-language. 

The  general  result  is  that  two  intelligent  mimes  seldom  fail  of 
mutual  understanding,  their  attention  being  exclusively  directed  to 
express  thoughts  by  the  means  of  comprehension  and  reply  equally 
possessed  by  both  without  the  mental  confusion  of  conventional 
sounds  only  intelligible  to  one.  The  Indians  who  have  been 
shown  over  the  civilized  East  have,  also,  several  times  succeeded 
in  holding  intercourse,  by  means  of  their  invention  and  applica- 
tion of  principles  in  what  may  be  called  the  voiceless  mother 
utterance,  with  white  deaf-mutes,  who  surely  have  no  semiotic 
code  more  nearly  connected  with  that  attributed  to  the  plain- 
roamers  than  is  derived  from  their  common  humanity.  On  one 
of  the  most  interesting  of  these  occasions,  at  the  Pennsylvania 
Institution  for  the  deaf  and  dumb  in  1873,  it  was  remarked  that 
the  signs  of  the  deaf-mutes  were  much  more  readily  understood 
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by  the  Indians  than  were  theirs  by  the  deaf-mutes,  and  that  the 
latter  greatly  Excelled  in  pantomimic  effect.  This  need  not  be 
surprising  when  it  is  considered  that  what  is  to  the  Indian  a  mere 
adjnnct  or  accomplishment  is  to  the  deaf-mute  the  natural  mode 
of  utterance,  and  that  there  is  still  greater  freedom  f^om  the 
trammel  of  translating  words  into  action  —  instead  of  acting  the 
ideas  themselves  —  when,  the  sound  of  words  being  unknown, 
they  remain  still  as  they  originated,  but  another  kind  of  sign, 
even  after  the  art  of  reading  is  acquired,  and  do  not  become 
entities  as  with  us. 

Some  examples  have  been  selected  of  diverse  conceptions  and 
executions  for  the  same  object  or  thought. 
Cliief.     Four  distinct  signs. 

1.  Forefinger  of  right  hand  extended,  passed  perpendicularly 
downward,  then  turned  upward  in  a  right  line  as  high  as  the 
head.     "  Rising  above  others." 

2.  With  forefinger  of  right  hand,  of  which  the  other  fingers  are 
closed,  pointing  up,  back  to  forehead,  describe  the  flight  of 
an  arrow  shot  up  and  turning  down  again,  allowing  the  hand  to 
drop,  the  finger  pointing  down  until  about  the  middle  of  the  body. 
Same  idea  of  superior  height  expressed  conversely.  Almost  the 
same  sign,  the  hand  however  being  moved  downward  rapidly  and 
the  gesture  preceded  by  touching  the  lower  lip  with  the  index,  the 
French  deaf-mutes  use  for  "  command,"  "  oi*der." 

3.  Begin  with  sign  for  man ;  then  the  forefinger  of  right  hand 
points  forward  and  downward,  followed  by  a  curved  motion  for- 
ward, outward,  and  downward.  ^^  He  who  sits  still  and  commands 
others." 

4.  Raise  the  index  of  right  hand,  which  is  held  upright ;  turn 
the  index  in  a  circle  and  lower  it  a  little  to  the  earth.  **  He 
who  is  in  the  centre  of  surrounding  inferiors."  The  air  picture 
reminds  of  the  royal  sceptre  with  its  sphere. 

Day.    Five  signs. 

1.  Pass  the  index-finger  pointing  along  the  vault  of  heaven 
from  east  to  west.     Our  deaf-mutes  use  the  same  sign. 

2.  Same  motion  with  whole  right  hand. 

8.  Same  motion  with  forefinger  of  right  hand  crooked,  followed 
by  both  hands  sliglitly  spread  out  and  elevated  to  a  point  in  front 
of  and  considerably  above  the  head,  then  brought  down  in  a 
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semicircle  to  a  level  below  the  shoulder,  ending  with  outspread 
palms  upward.  This,  probably,  is  the  opening  out  of  the  daj 
from  above,  after  the  risen  sun. 

4.  Simply  make  a  circle  with  the  forefingers  of  both  hands. 
The  round  disk. 

5.  Both  hands  flat,  backs  before  breast  and  separated.  The 
French  deaf-mutes  fold  the  hands  upon  each  other  and  the  breast, 
then  raise  them,  palms  inward,  to  beyond  each  side  of  the  head. 

TVda^,  this  day^  has  two  widely  discrepant  signs  in,  at  least, 
appearance.  In  one,  the  nose  is  touched  with  the  index  tip,  fol- 
lowed by  a  motion  of  the  fist  toward  the  ground,  —  perhaps 
including  the  idea  of  now,  here.  In  the  other,  both  hands  are 
extended,. palms  outward,  and  swept  slowly  forward  and  to  each 
side.  This  may  combine  the  idea  of  now  with  openness^  the  first 
part  of  it  resembling  the  general  deaf-mute  sign  for  '^  here "  or 
"now." 

Deathy  dead.    Four  signs. 

1.  Right  hand,  fingers  front  at  height  of  stomach,  then,  with  a 
sort  of  flop,  throw  the  hand  over  with  the  palm  up,  finger  pointing 
a  little  to  the  right  and  front,  hand  held  horizontal.  ^^  Upset, 
keeled  over." 

2.  Left  hand  flattened  and  held,  back  upward,  thumb  inward, 
in  front  of  and  a  few  inches  from  the  breast,  right  hand  slightly 
clasped,  forefinger  more  extended  than  the  others,  and  passed 
suddenly  under  the  left  hand,  the  latter  being  at  the  same  time 
gently  moved  toward  the  breast.     "  Gone  under." 

8.  Hold  the  left  hand  flat  against  the  face,  back  outward ; 
then  pass  the  right  hand,  held  in  the  same  manner,  under  the 
left,  striking  and  touching  it  lightly.  The  same  idea  of  under  or 
burial,  quite  difTerently  executed. 

4.  Throw  the  forefinger  from  the  perpendicular  into  a  hori- 
zontal position  toward  the  earth  with  the  back  downward. 

The  French  deaf-mute  conception  is  that  of  gently  falling  or 
sinking,  the  right  index  falling  from  the  height  of  the  right 
shoulder  upon  the  left  forefinger,  toward  which  the  head  is  in- 
clined. 

KilL  In  one  sign  the  hands  are  held  with  the  edges  upward, 
and  the  right  strikes  the  left  transversely,  as  in  the  act  of  chop- 
ping. This  seems  to  convey  particularly  the  notion  of  a  stroke 
with  a  tomahawk  or  war-club.    Another  sign :  smite  the  sinister 
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palm  earthward  with  the  dexter  fist  sharply.  Another :  strike  out 
with  the  dexter  fist  toward  the  groand.  A  fourth :  pass  the  right 
under  the  left  forefinger — **  make  go  under."  The  threat,"  I  will 
kill  you,"  appears  in  one  case  as  directing  the  right  hand  toward 
the  offender,  and  springing  the  finger  from  the  thumb  as  in  the 
act  of  sprinkling  water,  the  idea  being  perhaps  causing  blood  to 
flow,  or  perhaps  sputtering  away  the  life,  though  this  part  of  the 
sign  is  nearly  the  same  as  that  sometimes  used  for  the  discharge 
of  a  gun  or  arrow. 
Fear^  coward, 

1.  Both  hands,  with  fingers  turned  inwards  opposite  the  lower 
ribs,  then  brought  upwards  with  a  tremulous  motion,  as  if  to  rep- 
resent the  common  idea  of  the  heart  rising  up  to  the  throat. 

2.  Head  stooped  down,  and  arm  thrown  up  quickly  as  if  to  pro- 
tect it.» 

3.  Fingers  and  thumb  of  right  hand,  which  droops  downward, 
closed  to  a  point  to  represent  a  heart,  violently  and  repeatedly 
beaten  against  the  left  breast  Just  over  the  heart  to  imitate  palpi- 
tation. 

The  French  deaf-mutes,  besides  beating  the  heart,  add  a  nervous 
backward  shrinking  with  both  hands.  Our  deaf-mutes  omit  the 
beating  of  the  heart,  except  for  excessive  terror. 

4.  Point  forward  several  times  with  the  index,  followed  by  the 
remaining  fingers,  each  time  drawing  the  index  back  as  if  im- 
possible to  keep  the  man  to  the  front. 

Woman  has  four  signs :  one  expressing  the  mammse,  one  indi- 
cating shortness  as  compared  with  man,  and  the  two  most  com- 
mon severally  indicating  the  longer  hair  or  more  fiowing  dress. 

The  deaf-mutes  generally  mark  the  line  of  the  bonnet  string 
down  the  cheek. 

Quantity^  many^  much.  Six  wholly  distinct  executions  and 
several  conceptions. 

1.  The  fiat  of  the  right  hand  patting  the  back  of  the  left 
several  times,  proportioned  in  number  to  the  quantity.  Simple 
repetition. 

2.  Clutching  at  the  air  several  times  with  both  hands.  Same 
idea  of  repetition,  more  objective. 

3.  Hands  and  arms  passed  curvilinearly  outward  and  downward 
as  if  forming  a  large  globe,  then  hands  closed  and  elevated  as  if 
something  were  grasped  in  each,  and  held  up  as  high  as  the  face. 
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4.  Hands  held  scoop-fashion,  palms  toward  each  other,  about 
two  feet  apart,  at  the  height  of  the  lower  ribs,  finger-ends  down- 
ward ;  then  with  a  diving  motion,  as  if  scooping  up  small  articles 
from  a  sack  or  barrel,  bring  the  hands  nearly  together,  fingers 
closed,  as  if  holding  a  number  of  the  small  objects  in  each  hand, 
and  up  again  to  the  height  of  the  breast. 

5.  Both  hands  closed,  brought  up  in  a  car>'ed  motion  toward 
each  other  to  the  letel  of  the  neck.     Idea  of  fulness. 

6.  Move  the  two  open  hands  toward  each  other,  and  slightly 
upward  ;  tlie  action  of  forming  or  delineating  a  fieap. 

7.  myself,  first  personal  pronoun. 

Represented  in  some  tribes  by  motions  of  the  right  hand  upon 
the  breast,  the  hand  sometimes  clenched  and  stnick  repeatedly  on 
the  breast, —  or  the  fingers,  or  the  index  alone,  placed  upon  it. 
Others  touch  the  nose  tip  with  the  index,  or  lay  it  upon  the  ridge 
of  the  nose,  the  end  resting  between  the  eyes. 

Some  deaf-mutes  push  the  forefinger  against  the  pit  of  the 
stomach,  others  against  the  breast,  and  others  point  it  to  the  neck 
for  this  personality. 

Tea,  aflSrmative,  it  is  so. 

One  of  the  signs  is  somewhat  like  **  Truth,"  but  the  forefinger 
proceeds  straight  forward  from  the  breast  instead  of  the  mouth, 
and  when  at  the  end  of  its  course  it  seems  gently  to  strike  some- 
thing, as  if  the  subject  were  at  an  end ;  no  further  discussion, 
"'nufl'said,"  as  is  the  vulgar  phrase  of  agi-eement. 

Others  wave  both  hands  straight  forward  from  the  face,  which 
may  be  compared  with  the  forward  nod  common  over  most  of  the 
world  for  assent,  but  the  New  Zealanders  elevate  the  head  and 
chin,  and  the  Turks  shake  it  like  our  negative. 

With  others,  again,  the  right  hand  is  elevated  to  the  level  and 
in  front  of  the  shoulder,  the  first  two  fingers  somewhat  extended, 
thumb  resting  against  the  middle  finger,  and  then  a  sudden  mo- 
tion in  a  curve  forward  and  downward.  As  this  corresponds 
nearly  with  the  sign  made  for  '*  sit "  by  the  same  tribes,  its  con- 
ception may  be  that  of  resting  upon  or  settling  a  question. 

Good.     Five  diverse  signs. 

1.  The  hand  held  horizontally,  back  upward,  describes  with  the 
arm  a  horizontal  curve  outward. 

2.  Simple  horizontal  movement  of  the  right  hand  from  the 
breast.    These  signs  may  convey   the  suggestion  of  level — no 
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diflScultj' — and  are  nearly  identical  with  one  of  those  for  *' eon- 
tent,"  "  glad."  The  first  of  them  is  like  our  motion  of  benedic- 
tion. 

3.  With  the  right  hand,  palm  down,  fingers  to  the  left,  thumb 
touching  the  breast,  move  the  hand  straight  to  the  front  and 
slightly  upward. 

4.  Wave  the  right  hand  from  the  mouth,  extending  the  thumb 
from  the  index  and  closing  the  other  three  fingers. 

5.  The  right  hand,  fingers  pointing  to  the  left,  on  a  level  with 
mouth,  thumb  inward,  suddenly  moved  with  curve  outward,  so 
as  to  present  the  palm  to  the  person  addressed. 

These  last  signs  appear  to  be  connected  with  a  pleasant  taste  in 
the  mouth,  as  is  the  sign  of  the  French  and  our  deaf-mutes,  wav- 
ing thence  the  hand,  back  upward,  with  fingers  straight  and 
joined,  in  a  forward  and  downward  curve.  The  same  gesture  with 
hand  sidewise  is  theirs  and  ours  for  general  assent —  "  very  well !" 

Understand^  knowy  is  very  variously  expressed  by  manipulations 
in  which  the  nose,  ear,  chin,  and  mouth  are  selected  as  objective 
points,  all  the  motions  being  appropriate.  Think  or  gneas  is  also 
diversely  indicated.  Sometimes  the  forefinger  is  simply  drawn 
across  the  breast  from  left  to  right.  Again,  the  right  fist  is  held 
with  the  thumb  between  the  eyes  and  propelled  front  and  down- 
ward. We,  for  show  of  thought,  rest  the  forefinger  on  the  fore- 
head. There  is  also  a  less  intelligible  sign  in  which  the  right 
band,  fingers  and  thumb  loosely  closed,  index  extended  crooked, 
is  dipped  over  toward  and  suddenly  forward  from  the  right  shoul- 
der. All  the  gestures  of  deaf-mutes  relating  to  intelligence  are 
connected  with  the  forehead. 

Animals  are  expressed  pantomimically  by  some  characteristic 
of  their  motion  or  form,  and  the  Indian  mimographers  generally 
seem  to  have  hit  upon  the  same  sign  for  each  animal,  but  to  this 
rule  there  are  marked  exceptions  in  the  deer  and  the  dog.  For 
the  deer  five  signs  are  noted  : 

1.  Right  hand  extended  upward  by  the  right  ear  with  a  quick 
puff  from  the  mouth — perhaps  in  allusion  to  the  fleet  escape  on 
hearing  noise. 

2.  Make  several  passes  with  the  hand  before  the  face. 

3.  Forefinger  of  right  hand  extended  vertically,  back  toward 
breast,  then  turned  from  side  to  side  to  imitate  the  motion  of  the 
animal  when  walking  at  leisure. 
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4.  Both  bands,  fingers  irregularly  outspread  at  the  sides  of  the 
head,  to  imitate  the  outspread  horns.  This  sign  is  made  by  oar 
deaf-mutes. 

5.  Same  position,  confined  to  the  thumb  and  first  two  fingers 
of  each  hand. 

For  dog^  one  of  the  signs  gives  the  two  forefingers  slightly 
opened,  drawn  horizontally  across  the  breast  from  left  to  right. 
This  would  not  be  intelligible  without  knowledge  of  the  fact  that 
before  the  introduction  of  the  horse,  and  even  yet,  the  dog  has 
been  used  to  draw  the  tent-poles  in  moving  camp,  and  the  sign 
represents  the  trail.  Indians  less  nomadic,  who  built  more  sub- 
stantial lodges,  and  to  whom  the  material  for  poles  was  less  pre- 
cious than  on  the  plains,  would  not  perhaps  have  comprehended 
this  sign,  and  the  more  general  one  is  the  palm  lowered  as  if  to 
stroke  gently  in  a  line  conforming  to  the  animal's  head  and  neck. 
It  is  abbreviated  by  simply  lowering  the  hand  to  the  usual  height 
of  the  wolfish  aboriginal  breed,  and  suggests  the  animal  par  ex- 
ceUence  domesticated  by  the  Indians  and  made  a  companion.  The 
French  and  American  deaf-mutes  more  specifically  express  the 
dog  by  snapping  the  fingers  and  then  patting  the  thigh,  or  by 
patting  the  knee  and  imitating  barking  with  the  lips. 

Among  the  signs  that  are  found  generally  current  and  nearly 
identical  may  be  noted  that  for  horse^  made  by  the  fore  and  mid- 
dle finger  of  the  right  hand,  placed  by  some  astraddle  of  the  left 
index,  and  by  others  of  the  edge  of  the  left  hand,  the  animal 
being  considered  at  first  as  only  serviceable  for  riding  and  not 
for  draft.  The  French  deaf-mutes  add  to  the  straddling  of  the 
index  the  motion  of  a  trot.  Our  deaf-mutes  indicate  the  ears, 
followed  by  straddling  the  left  hand  by  the  fore  and  middle  fin- 
gers of  the  right. 

Same,  similar,  which  is  made  not  only  among  all  our  tribes,  but 
by  those  all  over  the  world,  and  by  deaf-mutes,  by  extending  the 
two  forefingers  together  side  by  side,  backs  upward,  sometimes 
moved  together  slightly  forward.  When  held  at  rest  in  this 
position,  companion  and  the  tie  of  fellowship,  what  in  days  of 
chivalry  was  styled  "  brothers  in  arms,"  can  be  indicated,  and,  as 
a  derivative  also,  husband.  The  French  and  American  deaf-mutes 
use  this  sign,  preceded  by  one  showing  the  sex,  for  brother  or 
sister. 

An  opposition  to  this  is  given,  though  not  generally  reported, 
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for  he  J  or  another  person^  by  placing  one  straight  forefinger  over 
the  other,  nearly  touching,  and  then  separated  with  a  moderately 
rapid  motion.  The  deaf-mutes  for  "he"  point  the  thumb  over 
the  right  shoulder. 

The  principal  motion  for  culmimtian,  wonder^  consists  in  placing 
the  right  hand  before  the  mouth,  which  is  open,  or  supposed  so  to 
be  —  a  gesture  seemingly  involuntary  with  us. 

The  general  sign  for  sun^  when  it  is  given  as  distinguished  from 
day  —  made  by  forming  a  circle  with  the  thumb  and  forefinger 
raised  to  the  east  or  along  the  track  of  the  orb  —  is  often  abbre- 
viated by  simply  crooking  the  elevated  forefinger  into  an  arc  of  a 
circle,  which  would  more  naturally  be  interpreted  as  the  crescent 
moon.  It  appears  that  some  tribes  that  retain  the  full  descriptive 
circle  for  the  sun  do  form  a  distinguishing  crescent  for  the  moon, 
but  with  the  thumb  and  forefinger,  and  for  greater  discrimination 
precede  it  with  the  sign  for  night.,  which,  with  some  occasional 
additions,  is  the  crossing  of  both  horizontally  outspread  palms, 
right  above  left,  in  front  of  the  body,  the  conception  being  cover- 
ing, shade,  and  consequent  obscurity.  With  a  slight  differentia- 
tion, darkness  is  presented,  and  with  another,  forget.,  foi-gotten^ 
that  is,  darkness  in  the  memory. 

While  several  conceptions  and  delineations  have  been  mentioned 
for  **  good,"  those  most  common  for  bad  consist  mainly  in  smartly 
throwing  out  the  dexter  fingers  as  if  sprinkling  water,  or  snapping 
all  the  fingers  from  the  thumb.  This  may  be  compared  with  the 
deaf-mute  sign  of  flipping  an  imaginary  object  between  the  thumb- 
nail and  the  forefinger,  denoting  something  small  or  contemptible. 
The  motion  of  snapping  a  finger  either  on  or  from  the  thumb  in 
disdain  is  not  only  of  large  modern  prevalence  in  civilization,  but 
is  at  least  as  ancient  as  the  contemporary  statue  of  Sardanapalus 
at  Anchiale.  Another  less  forcible  but  equally  suggestive  gesture 
for  bad  is  closing  the  hand  and  then  opening  while  lowering  it,  as 
if  dropping  out  the  contents ;  "  not  worth  keeping."  The  deaf- 
mutes  preserve  the  connection  of  bad  and  taste  by  brushing  from 
the  side  of  the  mouth. 

Inquiry.,  question^ — What?  Which?  When? 

This  is  generally  denoted  by  the  right  hand  held  upward,  palm 
upward,  and  directed  toward  the  person  interrogated,  and  rotated 
two  or  three  times  edgewise.  When  this  motion  is  made,  as 
among  some  tribes,  with  the  thumb  near  the  face,  it  might  be  mis- 
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taken  for  the  derisive,  vulgar  gesture  called  "  taking  a  sight,"  de- 
scending to  our  small  boys  from  antiquity  ;  but  the  separate  mo- 
tion of  the  fingers  in  the  latter  is  more  nearly  correlated  with  the 
Indian  sign  for  fool.  The  same  rotation  upon  the  wrist,  with  the 
index  and  middle  finger  diverged  over  the  heart,  means  specifically 
uncertainty y  indecision ^  ''  more  than  one  heart  for  a  purpose,'*  and 
a  variant  of  it  appears  in  one  of  the  signs  for  ^^  I  don't  know" 

The  Indian  sign  for  *' inquiry"  is  far  superior  to  that  of  the 
French  deaf-mutes,  which  is  the  part  of  the  French  shrug  with  the 
hunched  shoulders  omitted. 

FooU  foolish.  The  prevailing  gesture  is  a  finger  pointed  to  the 
forehead  and  rotated  circularly — *' rattle-brained."  The  only  va- 
riance is  where  the  sign  for  *'  man  "  is  followed  by  shaking  the 
fingers  held  downward,  without  reference  to  the  head — the  idea 
of  looseness  simply.  French  deaf-mutes  shake  the  hands  above 
the  head  after  touching  it  with  the  index. 

No,  negative.  The  right  hand — though  in  the  beginning  of  the 
sign  held  in  various  positions — is  generally  either  waved  before 
the  face  (which  is  the  sign  of  our  deaf-mutes  for  emphatic  nega- 
tive), as  if  refusing  to  accept  the  idea  or  statement  presented,  or 
pushed  sidewise  to  the  right  from  either  the  breast  or  face,  as  if 
dismissing  it  or  setting  it  aside.  This  may  be  compared  with  our 
shaking  of  the  head  in  denial ;  but  that  gesture  is  not  so  universal 
in  the  Old  World  as  is  popularly  supposed,  for  the  ancient  Greeks, 
followed  by  the  modern  Turks  and  rustic  Italians,  threw  the  head 
back,  instead  of  shaking  it,  for  No. 

Lie^  falsehood^  is  almost  universally  expressed  by  some  figurative 
variation  on  the  generic  theme  of  a  forked  or  double  tongue — 
*'two  different  stories"  —  in  which  the  first  two  fingers  of  the 
right  hand  separate  from  the  mouth.  Truths  ti^ue^  is  naturally 
contradistinguished  by  the  use  of  a  single  finger,  the  index,  point- 
ing straight  from  the  mouth  forward  and  sometimes  upward  — 
^'One  tongue;  speech  straight  to  the  front;  no  talk  behind  a 
man."  Sometimes,  however,  the  breast  is  the  initial  point,  as  in 
the  French  deaf-mute  sign  for  "sincere."  The  deaf-mutes  also 
gesture  "truth"  by  moving  one  finger  straight  from  the  lips — 
"straight  forward  speaking" — but  distinguish  "lie"  by  moving 
the  finger  to  one  side — "sideways  speaking." 

Offspring  or  descendant,  child  in  filial  relation  —  not  simply  as 
young  humanity  —  is  generally  denoted  by  a  slightly  varied  dumb 
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show  of  issuance  from  the  loins,  the  line  traced  sometimes  showing 
a  close  diagnosis  of  parturition.  The  sign,  with  additions,  means 
father,  mother,  grandparent,  but  its  expurgated  form  among  the 
French  deaf-mutes  means  parentage  generically. 

Possession^  mine,  my  property.  The  essential  of  tliis  common 
sign  is  clenching  the  right  hand  held  at  the  level  of  the  head  and 
moving  it  gently  forward,  clearly  the  grasping  and  display  of 
property.  None  of  the  deaf-mute  signs  to  express  ''possession," 
^^  ownership,"  known  to  me,  resemble  this  or  are  as  graphic.  Our 
deaf-mutes  press  an  imaginary  object  to  the  breast  with  the  right 
hand. 

Steal.  The  prevalent  delineation  is  by  holding  the  left  artn 
horizontally  across  the  body  and  seizing  from  under  the  left  fist 
an  imaginary  object  with  the  right  hand,  implying  concealment 
and  the  transportation  that  forms  part  of  the  legal  definition  of 
larceny.  This  sign  is  also  made  by  our  deaf-mutes.  Sometimes 
the  fingers  of  the  right  hand  are  hooked,  as  if  grabbing  or  tear- 
ing.  The  s|>ecialty  of  horse-theft  is  indicated  by  the  pantomime 
of  cutting  a  lariat. 

Trade,  barter,  exchange,  is  very  commonly  denoted  by  a  sign, 
the  root  of  which  is  the  movement  of  the  two  flat  hands  or  the 
two  forefingers  past  each  other,  so  that  one  takes  the  place  before 
held  by  the  other,  the  exact  conceit  of  exchange.  Our  deaf-mutes 
use  the  same  gesture  with  the  hands  closed.  An  invitation  to  a 
general  or  systematic  barter  or  trade,  as  distinct  from  one  trans- 
action, is  expressed  by  repeated  taps  or  the  use  of  more  fingers. 
The  rough  resemblance  of  this  sign  to  that  fur  '* cutting*'  has  oc- 
casioned mistakes  as  to  its  origin.  It  is  reported  by  Captain 
Burton  as  the  conception  of  one  smart  trader  cutting  into  the 
profits  of  another  —  *'  diamond  cut  diamond."  The  trade-sign  is, 
on  the  plains,  often  used  to  express  the  white  man  —  vocally 
named  Sliwop — a  legacy  from  the  traders,  who  were  the  first  Cau- 
casians met.  Generall}*,  however,  the  gesture  for  white  man  is  by 
designating  the  hat,  or  head-covering  of  civilization.  This  the 
French  deaf-mutes  apply  to  all  men,  as  distinct  from  women. 

A  few  signs  have  been  selected  that  are  not  remarkable  either 
for  general  or  limited  accei)tance,  but  are  of  interest  from  special 
conception  or  peculiar  figuration. 

The  relation  of  brothers,  sisters,  and  of  brother  and  sister,  chil- 
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dren  of  the  same  mother,  is  signified  by  putting  the  first  two  fin- 
ger tips  into  the  mouth,  denoting  the  nourishment  taken  from  the 
same  breast.  One  of  the  signs  for  chUd  or  infant  is  to  place  the 
thumb  and  fingers  of  the  right  hand  against  the  lips,  then  draw- 
ing them  away  and  bringing  the  right  hand  against  the  left  fore- 
arm as  if  holding  an  infant.  The  Cistercian  monks,  vowed  to 
silence,  and  the  Egyptian  hierf>glyphers,  notably  in  the  designa- 
tion of  Horus,  their  dawn-god,  used  the  finger  in  or  on  the  lips 
for  child.  It  has.  however,  been  conjectured  in  the  last  instance 
that  the  gesture  implied,  not  the  mode  of  taking  nourishment,  but 
inability  to  speak :=  *w/aw«  An  uninstructed  deaf-mute,  as  re- 
lated by  Mr.  Denison  of  the  Columbia  Institution,  invented  to 
express  ''  sister "  first  the  sign  for  "  female,"  made  by  the  half- 
closed  hands  with  the  endsof  fingers  touching  the  breasts,  followed 
by  the  index  in  the  mouth. 

Destroyed^  all  gone^  no  nwre. 

The  hands  held  horizontal  and  the  palms  rubbed  together  two  or 
three  times  circularl}^ ;  the  right  hand  is  then  carried  off  fi-om  the 
other  in  a  short  horizontal  curve.  ''  Rubbed  out."  This  resem- 
bles the  Edinburgh  and  our  deaf-mute  sign  for  *' forgive"  or 
"  clemency,"  the  rubbing  out  of  offence. 

Done^  finished.  The  hands  placed  edges  up  and  down,  parallel 
to  each  other,  right  hand  outward,  which  is  drawn  back  as  if  cut- 
ting something.  An  end  left  after  cutting  is  suggested  ;  perhaps 
our  colloquial  *'  cut  short."  The  French  and  our  deaf-mutes  give 
a  cutting  motion  downward,  with  the  right  hand  at  a  right  angle 
to  the  lea. 

Olad^  pleased^  content.  Wave  the  open  hand  outward  from  the 
breast,  to  express  heart  at  ease  — "  bosom's  lord  sits  lightly  units 
throne.  Another  gesture,  perhaps  noting  a  higher  degree  of  hap- 
piness, is  to  raise  the  right  hand  from  the  breast  in  serpentine 
curves  to  above  the  head.     ''  Heart  beats  high." 

Viasatisfaction,  discontent.,  is  naturally  contrasted  by  holding  the 
index  transversely  before  the  heart,  and  rotating  the  wrist  several 
times,  indicating  disturbance  of  the  organ,  which  our  aborigines, 
like  modern  Europeans,  poetically  regard  as  the  seat  of  the  affec- 
tions and  emotions,  not  selecting  the  liver  or  stomach  as  other 
peoples  have  done  with  greater  physiological  reason. 

To  /a'de,  conceal^  is  graphically  portrayed  by  placing  the  right 
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hand  inside  the  clothing  of  the  left  breast,  or  covering  the  right 
hand,  fingers  hooked,  by  the  left,  which  is  flat,  palm  downward, 
and  held  near  the  body.     The  same  gestures  mean  ^^ secret" 

Peace,  or  friendship^  is  sometimes  shown  by  placing  the  tips  of 
the  two  first  fingers  of  the  right  hand  against  the  mouth  and 
elevated  upward  and  outward  to  mimic  the  expulsion  of  smoke  — 
"  we  two  smoke  together."  It  is  also  often  rendered  by  the  joined . 
right  and  left  hands,  the  fingers  being  sometimes  interlocked,  and 
sometimes  simply  by  hooking  the  two  forefingers  together.  Our 
deaf-mutes  interlock  the  forefingers  for  ^^  fiiendship,"  clasp  the 
bauds,  right  uppermost,  for  ^^  marriage,"  and  make  the  last  sign, 
repeated  with  the  left  hand  uppermost,  for  ^'  peace."  The  idea  of 
union  or  linking  is  obvious.  It  is,  however,  noticeable,  that  while 
this  ceremonial  gesture  is  common  and  ancient,  the  practice  of 
shaking  hands  on  meeting,  now  the  annoying  etiquette  of  the 
Indians  in  their  intercourse  with  whites,  was  never  used  by  them 
between  each  other,  and  is  clearly  a  foreign  importation.  Their 
fancy  for  afifectionate  greeting  was  in  giving  a  pleasant  bodily 
sensation  by  rubbing  each  other*s  breasts,  arms,  and  stomachs. 
Our  senseless  and  inconvenient  custom  of  shaking  hands  is, 
indeed,  by  no  means  general  throughout  the  world,  and  in  the 
extent  to  which  it  prevails  in  the  United  States,  is  ludicrous. 

The  profession  of  peace^  coupled  with  invitation^  is  often  made 
from  a  distance  by  the  acted  spreading  of  a  real  or  imaginary  robe 
or  blanket  — ''  come  and  sit  down." 

The  sign  for  stone  has  an  archaeological  significance  —  the  right 
fist  being  struck  repeatedly  upon  the  left  palm,  as  would  be  in- 
stinctive when  a  stone  was  the  only  hammer. 

Prisoner  is  a  graphic  picture.  The  forefinger  and  thumb  of  the 
left  hand  are  held  in  the  form  of  a  semicircle  opening  toward  and 
near  the  breast,  and  the  right  forefinger,  representing  the  prisoner, 
is  placed  upright  within  the  curve  and  passed  from  one  side  to 
another,  in  order  to  show  that  it  is  not  permitted  to  pass  out 

Soft  is  ingeniously  expressed  by  first  striking  the  open  left 
hand  several  times  with  the  back  of  the  right,  and  then  striking 
with  the  right  the  back  of  the  left,  restoring  the  supposed  yield- 
ing substance  to  its  former  shape. 

Without  further  multiplying  examples,  the  conclusion  is  pre- 
sented that  the  gesture-signs  among  our  Indians  show  no  uniform- 
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ity  in  detail,  the  variety  in  expression  among  them  and  in  their 
comparison  with  those  of  deaf-mutes  and  transatlantic  mimes  be- 
ing in  itself  of  psychological  interest;  The  art  is  not  a  mere 
semaphoric  repetition  of  arbitrary  notions,  but  is  founded  upon 
principles  which  can  be  readil}'  applied  by  travellers  and  officials  so 
as  to  give  them  much  independence  of  professional  interpreters, 
a  class  generally  deceitful  and  trick}*.  They  thus  would  accom- 
plish for  themselves  the  desire  of  the  Prince  of  Pontus,  who 
begged  of  Nero  an  accomplished  pantomimist  to  interpret  among 
his  many-tongucd  subjects.  While  thus  of  practical  value,  our 
native  semiotics  may  help  the  aichaeologist  in  his  study  of  pic- 
ture-writing, the  sole  form  of  aboriginal  records ;  for  it  was  but 
one  more  step  to  fasten  upon  bark,  skins,  or  rocks  the  evanes- 
cent air-pictures  that  stdl  in  pigments  or  carvings  preserve  their 
skeleton  outline,  and  in  their  ideography  approached  the  rudiments 
of  a  phonetic  alphabet. 

The  reproduction  of  gesture-lines  in  these  pictures  seems  to 
have  been  most  frequent  in  the  attempt  to  convey  those  subjec- 
tive ideas  which  were  beyond  the  range  of  an  artistic  skill  lim- 
ited to  the  direct  representation  of  objects,  so  the  part  of  the 
pictographs  which  is  the  most  difficult  of  interpretation  is  pre- 
cisely that  which  the  study  of  the  sign  language  is  likely  to 
elucidate,  in  this  connection  it  may  be  mentioned  that  a  most 
interesting  result  has  been  obtained  in  the  tentative  comparison 
so  far  made  between  the  gesture  signs  of  our  Indians  and  some 
of  the  characters  in  the  Chinese,  Assyrian,  Mexican  and  Runic 
alphabets  or  syllabaries,  and  also  with  Kg^'ptian  hieroglyphs. 

While  the  gesture  utterance  presents  no  other  part  of  grammar 
to  the  philologist  besides  syntax,  or  the  grouping  and  sequence  of 
its  ideographic  pictures,  the  arrangement  of  signs  when  in  con- 
nected succession  affords  an  interesting  comparison  with  the  early 
syntax  of  vocal  language,  and  the  analysis  of  their  original  con- 
ceptions, studied  together  with  the  holophrastic  roots  in  the  speech 
of  the  gesturers,  may  aid  to  ascertain  some  relation  between  con- 
crete ideas  and  words.  Thomas  Aquinas  said,  ^' XomiTia  deherd 
naturis  rerum  congruere;"  and,  surel}',  gestures  being  founded 
wholly  on  nature^  with  even  yet  slight  artificial  corruption,  mny 
explain  the  origin  of  the  other  nearly  contemporaneous  device  of 
expression, —  the  visual  onomatopoeia  illustrate  the  audible. 
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This  study  will  be   continued  with  special  reference   to  the 
probable  scientific  results  herein  merely  indicated. 

It  is  the  intention  of  the  Bureau  of  Ethnology  of  the  Smith- 
sonian Institution  to  publish  a  collation  i(]i  the  form  of  a  vocabu- 
lary, of  all  authentic  signs,  ancient  and  modern,  found  in  any 
part  of  the  world,  with  their  description  as  also  that  of  associated 
facial  expression,  set  forth  in  language  so  clear  that,  with  the  as- 
sistance of  copious  illustrations,  they  can  be  reproduced  by  the 
reader*  The  success  of  this  undertaking  will  depend  upon  the 
collaboration  now  requested  of  many  persons  of  several  classes. 
An-angements  probably  sufficient  to  procure  all  the  gesture-signs 
of  the  aboriginal  tribes  of  this  country  which  can  still  be  rescued 
from  oblivion  have  already  been  made.  The  conventional  signs 
of  deaf  mutes  in  institutions  for  their  instruction  are  acces- 
sible to  the  present  writer,  who  also  has  obtained  a  large  number 
of  the  natural  signs  of  deaf  mutes  invented  by  them  before  sys- 
tematic instruction  and  used  in  intercourse  with  their  families  and 
friends.  More  of  these  would,  however,  be  gladly  received. 
Further  assistance  is  urgently  sought  from  philologists,  travelers 
and  missionaries  whose  attention  has  been  directed  to  the  several 
modes  of  expressing  human  thought.  Such  efforts  of  all  savage 
and  barbarian  tribes,  when  brought  into  contact  with  other  bodies 
of  men  not  speaking  an  oral  language  common  to  both,  and  es- 
pecially when*  uncivilized  inhabitants  of  the  same  territory  are 
separated  by  many  linguistic  divisions,  should,  in  theory,  resemble 
the  devices  of  the  North  American  Indians.  They  are  not  shown 
by  published  works  to  prevail  in  the  eastern  hemisphere  to  the 
same  extent  and  in  the  same  manner  as  in  North,  and  also,  as  be- 
lieved from  less  complete  observation,  in  South  America.  It  is, 
however,  probable  that  they  exist  in  many  localities,  though  not 
reported,  and  also  that  some  of  them  survive  after  partial  or  even 
high  civilization  has  been  attained,  and  after  changed  environment 
has  rendered  their  systematic  employment  unnecessary.  Such 
signs  may  be,  first,  unconnected  with  existing  oral  language,  and 
used  in  place  of  it ;  second,  they  may  be  used  to  explain  or  accen-' 
A.  A.  A.  8.,  VOL.  xxvm.  38 
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tuate  the  words  of  ordinary  speech,  or  may  consist  of  gestures, 
emotional  or  not,  which  are  only  noticed  in  oratoiy  or  impas- 
sioned conversation,  such  being,  possibly,  survivals  of  a  former 
gesture  language,  as  explained  above. 

All  classes  of  gestures  may  be  examined  philologically  to  trace 
their  possible  connection  with  the  radicals  of  language,  syllabaries 
and  ideographic  characters.  Even  if  the  more  material  and  sub- 
stantive relations  between  signs  and  language  cannot  now  be 
ascertained,  ft*om  the  inquiries  suggested  we  may  at  least  expect 
linguistic  results  in  the  analogy  between  their  several  develop- 
ments. The  mental  processes  are  nearly  the  same  in  both  cases, 
and  the  psychology  of  language  may  be  studied  in  the  older  and 
lower  means  of  communication  as  the  physical  and  mental  organ- 
ization of  man  has  been  profitably  compared  with  that  of  the 
lower  animals.  Not  until  a  large  body  of  facts  has  been  gathered 
by  several  classes  of  observers,  and  compared  by  competent 
scholars,  can  it  be  possible  to  ascertain  ^ith  precision  the  princi- 
ples of  the  primitive  utterance  of  mankind.  An  exhaustive  treat- 
ment of  the  subject  will  also  bring  to  light  religious,  sociologic  and 
other  ethnologic  information  of  special  interest.  It  is  in  this 
work  that  the  Bureau  of  Ethnolog}'  of  the  Smithsonian  Institution 
solicits  the  cooperation  of  learned  men  and  observers  in  all  lands 
whose  contributions  when  received  will  always  be  published  with 
individual  credit  as  well  as  responsibility. 

In  order  both  to  save  labor  and  insure  accuracy,  sheets  have  been 
prepared  containing  the  '* Types  op  Hand  Positions,"  "Outlines 
OP  Arm  Positions"  and  "Examples"  copies  of  which,  to  any 
requisite  number,  together  with  a  pamphlet  containing  minute  di- 
rections, and  official  stamps  for  return  postage  on  communication's, 
will  be  furnished  on  request  mailed  to  the  present  writer  at  P.  0. 
Box  585,  Washington,  D.  C. 
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TYPES  OF  HAND  POSITIONS   IN  GESTURE-LANGUAGE. 


A  — Fist,  palm   ontward, 
horizontal. 


B— Fistf  back  ontward,  ob- 
lique upward. 


C— Clinched,  with  thumb 
extended  against 
forefinger,  upright, 
edge  outward. 


I>— Clinched,  ball  of  thumb 
against  middle  of 
forefinger,  oblique, 
upward,  palnr 
down. 


E— Hooked,  thnmb  against 
edge  of  forefinger, 
upriffht,  edge  out* 
ward. 


F— Hooked,  thnmb  against 
side  of  forefinger, 
obliaue,  palm  out* 
word. 


G— Fingers  resting  against 
DHll  of  thumb,  back 
upward. 


H •Arched,  thumb  hori- 
zontal against  end 
of  forefinger,  back 
upward. 


I— Closed,  except  forefin- 
ger crooked  against 
end  of  thumb,  up- 
right, palm  outward. 
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J— Forefinger  straigbtf  ap- 
riffht,  others  closed, 
edge  outward. 


K— Forefinger  obllqaely 
extended  upwart_, 
others  closedi  edge 
outward. 


L~  Thumb  yertieal,  fore- 
finger horixontal, 
others  closed,  edge 
outward. 


M  ~  Forefinger  horizontal,      N— First  and  second  fingers 
fingers  and  thumb  straight  upward  and 

closed,  palm  out-  separated^    remain- 

ward,  ing  fingers  and 

thumb  closed,  palm 
outward. 


O— Thamb,firstand  second 
fingers  separated, 
straight  upward, 
remaining  fingers 
curved  edge  out* 

•  ward. 


P— Fingers  and  thumb  par- 
tially curved  up- 
ward and  separ- 
ated, knuckles  out- 
ward. 


Q— Fingers  and  thumb  sep- 
arated, slightly 
curved,  down- 
ward. 


R— Fingers  and  thumb  ex- 
tended straight, 
separated,  upward. 
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8— Hand  and  fingen  np-      T— Hand  and  flngen  np*      U— Fingers  collected  to  a 
right,  Joined,  back  right,  Joined,  palm  point,  tbnmb  rest- 

outward,  outward.  ing  in  middle. 


y— Arched,  Joined,  tbnmb 
resting  near  end  of 
forefinger,  down- 
w^urd. 


W— Hand  horizontal,  flat, 
palm  downward. 


2— Hand  horizontal,  flat, 
palm  upward. 


T—KaturallT  relaxed,  nor- 
mal: used  when 
hand  simply  fol- 
lows arm  with  no 
intentional  dispo- 
siUon. 


N.  B.~The  positions  are  giyen  as  they  appear  to  an  obseryer  facing  the  gestnrer, 
and  are  designed  to  show  the  relations  of  the  flngen  to  the  hand  rather  than  the  po- 
sitions of  the  hand  relatiye  to  the  body,  which  must  be  shown  by  the  outlines  (see 
sheet  of  **Odtun]E8  of  abm  Positions,"  or  description.  The  right  and  left  hands 
are  figured  aboye  without  discrimination,  but  in  description  or  reference  the  right 
hand  will  be  understood  when  the  left  is  not  specified.  The  hands  as  figured  can  also 
with  proper  intimation  be  applied  with  changes  either  upward,  downward,  or  inclined 
to  either  side,  so  long  as  the  relatiye  positions  of  the  fingers  are  retained,  and  when  in 
that  respect  no  one  of  the  types  exactly  corresponds  with  a  sign  obsenred,  modifica- 
tions will  be  made  by  pen  or  pencil  on  that  one  of  the  types  found  most  conyenient, 
as  indicated  in  the  sheet  of  *'  Examples,"  and  referred  to  by  the  letter  of  the  alphabet 
under  the  type  changed,  with  the  addition  of  a  numeral— e.  ^.,  A 1,  and  if  that  type, 
{.  e..  A,  were  changed  a  second  time  by  the  obseryer  (which  change  would  necessarily 
be  drawn  on  another  sheet  of  types),  it  should  be  referred  to  as  A  2. 
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OUTLINES  FOB  ABM  POSITIONS  IN  GESTUBE-LANGUAGE. 


N.  B.~Tlie  gestures,  to  bo  indicated  by  corrected  positions  of  anns  and  by  dotted 
lines  stiowing  the  motion  from  tiie  initial  to  tlie  final  positions  (wMch  are  severally 
marked  by  an  arrow-head  and  a  cross— see  sheet  of  Examples),  will  be  always  shown 
as  they  appear  to  an  observer  facing  the  gesturer,  the  fh>nt  or  side  outline,  or  both, 
being  used  as  most  convenient.  The  special  positions  of  hands  and  lingers  will  be 
designated  by  reference  to  the  *'Ttpb8  of  Hand  PosmoKS."  For  brevity  in  the 
written  description,  ''hand"  may  be  used  for  *' right  hand,"  when  that  one  alone  Is 
employed  in  any  particular  gesture.  In  cases  where  the  conception  or  origin  of  any 
sign  is  not  obvious,  if  it  can  be  ascertained  or  suggested,  a  note  of  that  added  to  the 
description  would  be  highly  acceptable.  Associated  fncial  expression  or  bodily  post- 
ure which  may  accentuate  or  qualify  a  gesture  is  necessarily  left  to  the  ingenuity  of  the 
contributor. 


EXAMPLES. 


Word  or  idea  caressed  by  sign :  To  cut,  with 
an  axe. 

DB80RIP110N : 

With  the  right  hand  flattened  (X  changed  to  right 
instead  of  left),  palm  upward,  move  it  downward  to 
the  left  side  repeatedly  fVom  diffBrent  elevations, 
ending  each  stroke  at  the  same  point. 

Conception  or  origin :  From  the  act  of  felling  a  tree. 


Digitized  by  VjOOQ IC 


BT  OABRICK  MALLERT. 


519 


Word  or  idea  expressed  by 
^Jj/a  sign :  A  lie, 

DESCRIPTION : 

Tonch  the  left  breast  over 
the  heart,  and  pass  the  hand 
forward  f^m  the  month,  the 
first  two  fingers  only  being  ex- 
tended' and  slightly  separated 
(L,  l^with  thumb  resting  on 
third  finger). 

Conception  or  origin: 
Double-tongued. 


L,  1. 


Word  or  idea  expressed  by  sign :  To  ride, 

DESCRIPTION : 

Place  the  first  two  fingers  of  the  right 
hand,  thumb  extended  (N,  1)  downward, 
astraddle  the  first  two  Joined  and  straight 
fingers  of  the  left  (T,  1),  sidewise,  to  the 
right,  then  make  several  short  arched  move- 
ments forward  with  bauds  so  Joined. 


Conception  or  origin :  The  horse 
mounted  and  in  motion. 


N,  1. 


T.  1. 


Dotted  lines  indicate  movements  to  place  the  hand  and  arm  in 
position  to  commence  the  sign  and  not  forming  part  of  it. 


> 


Indicates  commencement  of  movement  in  representing  sign,  or 
part  of  sign. 


Dashes  indicate  the  course  of  hand  employed  in  the  sign. 


Bepresents  the  termination  of  movements. 


^         Used  in  connection  with  dashes,  shows  the  course  of  the  latter 
"^  when  not  othei-wise  clearly  intelligible. 
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On  the  Explanation  ok  Hereditary  Transmission.  By  Louis 
Elsbero,  of  New  York,  N.  Y. 

There  is  no  doubt  that  ph^^sical  and  also  mental  and  moral 
traits  are  frequently  hereditarily  transmitted.  Some  persons  go 
further  than  others  in  their  estimate  as  to  the  extent  to  which 
such  transmission  takes  place ;  but  that  it  actually  occurs,  all  ad- 
mit. 

Though  the  facts  are  recognized,  their  explanation  is  not  known. 
I  announced  an  hypothesis  more  than  ten  years  ago,  which  I  have 
twice,  already,  brought  to  the  attention  of  the  members  of  this 
Association. 1  By  the  acceptance  of  the  Plastidule  Hypothesis, 
the  phenomena  of  heredity  are  brought  a  step  nearer  to  our  under- 
standing. 

Every  vertebrate  animal  begins  its  existence  in  the  form  of  a 
fecundated  ovum.  The  ovum  originates  in  the  female  body,  and 
fecundation  consists  in  the  mixtui*e  with  the  ovum  of  the  male 
semen  or  sperm :  a  mixture,  which  in  various  animals  has  been 
actually  observed.^  All  inheritance,  whether  direct,  reversional, 
collateral  or  impressional,  must  therefore  be  transmitted  by  these 
two  generative  constituents,  the  ovum  and  sperm. 

The  most  important  generalization  for  which  biology  is  indebted 
to  the  microscope  was  that  inaugurated  about  forty  years  ago  by 
Schleiden  and  Schwann,  viz.,  that  all  organic  bodies  are  composed 
of  essentially  similar  form-elements.  These  were  at  first  called 
"  cells,"  as  they  were  supposed  to  be  vesicles  with  more  or  less 

>  "  Regeneration  or  Uie  Preserration  of  organic  molecules ;  a  contribntion  to  tbe  doc- 
trine of  evolution,"  Proceedings,  Hartford  Meeting,  August.  1874,  etc.,  **  On  the  Plat- 
tidulo  Hypothesis,''  Proceedings,  Buffalo  MeeUng,  August,  1876. 

*  Altliough  tlie  introduction  of  tbe  spermatic  particles  into  tbe  ovum  is  very  diAeuIt 
of  observation,  tbere  are  investigators  wbo  bave  seen  this  phenomenon  repeatedly. 
Siebold,  a  master  among  masters,  and  an  observer  who  never  exaggerates  his  fturts, 
has  seen  the  spermatic  particles  within  the  yolk  membrane  of  the  bee's  eggs  more  than 
twenty  times,  and  has  been  able  to  show  this  to  others.  In  the  ova  of  the  Nephells,  a 
small  species  of  leech,  Robin  has  seen  spermatozolds  to  the  number  of  several  bun* 
dred  penetrate  the  vitelline  membrane,  always  at  one  point,  and  continuing  their 
movements  upon  the  surface  of  the  vltellers.  Almost  always  when  the  penetration  has 
ceased,  a  bundle  of  spermatozolds  is  arrested  in  the  micropyle.  Although  I  have 
never  succeeded  In  seeing  the  penetration  myself,  that  does  not  diminish  my  confidence 
in  the  reports  of  those  who  have.  Prof.  Austin  Flint,  Jr.,  of  Bellevue  Hospital  Medi- 
cal College,  says  In  his  Physiology,  published  by  Appleton.  New  York,  that  he  **  had  an 
opportunity  of  witnessing  a  demonstration  of  these  phenomena  by  Prof.  Robin,  in 
1661,  in  the  ova  of  the  LimntBut  itagfudit,  and  actually  saw  a  spermatozoid  halfway 
through  the  vitelline  membrane.*'  Coste,  and  many  other  observers  whom  it  ia  unueo* 
esaary  to  quote,  have  seen  the  spermatozoid  in  the  ovum  of  the  rabbit,  etc. 
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solid  or  flaid  contents.  Later  investigations  have  shown  that  they 
are  not  always  cells  in  any  proper  sense  of  that  word,  but  the 
name  was  retained  long  after  it  was  recognized  to  be  generally  a 
misnomer.  Recently,  however,  the  term  ^'  plastids  "  has  come  into 
use  as  a  substitute,  for  the  purpose  of  designating  the  visible 
form-elements  of  living  matter.  To  the  ^'  molecules  "  of  a  plastid, 
t.  e.,  to  the  smallest  conceivable  particles  of  which  the  plastid  as 
such  consists,  I  have  given,  primarily  for  the  sake  of  brevity  and 
convenience,  the  name  '^  plastidules,''  a  name  that  has  found  favor 
with  most  writers  on  the  subject. 

Now,  since  not  only  the  peculiarities  of  the  immediate  parents, 
but  also  those  of  anterior  ancestors,  whether  these  peculiarities 
have  appeared  in  the  parents  or  not,  may  be  hereditarily  trans* 
mitted,  and  since  whatever  is  transmitted  must  be  contained  in 
either  the  ovum  or  the  sperm,  it  is  certain  that  these  two  con- 
stituents of  the  germ  contain  plastidules  or  molecules  of  living- 
matter  to  which  are  attached  all  these  peculiarities.  I  assume, 
and  this  assumption  with  the  qualifications  that  follow  constitutes 
the  plastidule  hypothesis,  that  the  germ  of  each  derivative  living 
being  consists  of  plastidules  of  its  whole  ancestry.    • 

Everybody  roust  admit  that  just  as  the  germ,  or  fecundated 
ovum,  from  which  a  child  proceeds,  consists  of  matter  wholly  de- 
rived from  the  bodies  of  its  parents,  so  the  germs  from  which  these 
parents  sprung  existed  in  the  bodies  of  their  parents.  Now,  if 
we  assume  that  some  of  the  particles  of  matter  from  the  grand- 
parents have  remained  in  the  parental  bodies  until  the  procreation 
of  the  child,  then  there  may  be  contained  in  the  germ  of  the  grand- 
child actual  plastidules  of  the  grandparents.  For  those  who  can 
more  readily  conceive  the  idea  of  force  or  quality  being  trans- 
mitted than  matter,  I  may  add  that  the  term  plastidule  refers 
quite  as  much  to  a  centre  or  bundle  of  force  as  to  matter. 

Against  the  idea  that  plastidules  of  the  grandparents  would  be 
present  in  the  developed  body  of  the  parent,  or  that  they  would 
be  preserved  until  the  procreative  act,  the  objection  might  be 
urged  that  the  constant  change  of  tissue  in  the  body,  the  decay 
and  death  and  excretion,  would  make  the  preservation  of  these 
particles  of  matter  impossibe.  To  such  an  objection,  the  reply  is 
that  the  material  of  the  body  breaks  down  and  is  eliminated  only 
through  use,  and  that  the  use  through  which  the  special  particles 
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under  consideration  are  removed  from  the  body  is  only  the  gener- 
ative act, — so  that  it  may  well  be  that  they  are  conserved  until 
used  for  generation.  Besides,  it  suffices  to  assume  that  the  trans- 
mitted plastidules  are  not  the  identical  ones  of  the  grandparents, 
but  molecules  of  the  parent  that  have,  by  assimilative  nutrition 
and  growth,  become,  in  all  properties  and  capacities,  like  them, 
and  for  our  argument  ma}'  be,  therefore,  considered  as  such. 

Not  only  plastidules  of  the  grandparents  are  assumed  to  be 
contained  in  the  germ  of  the  child,  but  also  plastidules  of  the 
great-grandparent,  and  a  long  line  of  ancestors ;  and  the  differ- 
ence between  the  germs  of  children  of  different  parents  consists 
in  the  very  fact  that  each  contains  the  plastidules  (molecules  or 
bundles  of  qualities  or  of  force)  of  its  own  individual  line  of  an- 
cestors. The  further  back  we  can  trace  the  genealogy  of  a  child, 
the  more  complicated  becomes  the  representation  of  the  genetic 
constitution  of  its  germ.  How  many  generations  there  may  have 
been  and  passed  away  between  the  birth  of  the  child  of  to-day  and 
the  time  of  its  ancestors  in  the  far  past,  or  since  the  existence  of 
the  first  human  parents !  Let  us  take  the  primitive  pair — Adam  and 
Eve :  their  ohildren  came  from  germs  which  were  wholly  derived 
fVom  their  bodies.  The  germs  of  the  children  of  these  children 
contained,  mixed  with  the  modified  plastidules  of  their  immediate 
progenitors,  some  of  the  plastidules  of  the  first  parental  pair; 
and  so  on  for  succeeding  generations.  The  farther  removed  from 
the  first  ancestor,  the  smaller,  of  course,  is  the  quantity  of  his 
share  in  the  constitution  of  the  germ  of  the  progeny.  To  express 
the  idea  arithmetically :  in  each  succeeding  generation,  the  numer- 
ator remaining  the  same,  the  denominator  of  the  fraction  of  the 
set  of  plastidules  from  a  particular  ancestor  Increases. 

Plastidules,  though  inconceivably  small,  nevertheless  have  act- 
ual dimensions,  and  it  may  well  be  conceived  that  after  a  certain 
vast  number  of  generations  the  plastidules  of  a  particular  ances- 
tor may  exist  very  sparsely,  or  even  not  at  all,  in  the  germ  of  the 
progeny.  This  does  not  prevent,  however,  the  influence  of  these 
ancestral  plastidules  persisting  for  a  long  time,  since  the  plasti- 
dules of  the  succeeding  ancestors  still  contain  them  more  or  less 
mixed  or  modified.  There  may  be,  however,  circumstances  of 
which  we  are  as  yet  ignorant,  which  may  cause  the  exhaustion  or 
diminution,  or  lessen  the  influence,  of  any  particular  plastidules, 
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and  these  possibilities  become  a  qualification  of  the  proposition 
that  the  germ  of  every  derivative  living  being  contains  plastidules 
of  all  its  ancestors. 

I  have  named  this  explanation  of  the  phenomena  of  inheritance, 
the  hypothesis  of  regeneration;  because,  according  to  it,  the 
ancestors  are,  to  a  certain  extent,  bodily,  mentally,  and  in  every 
other  respect,  born  again  in  their  progeny.  It  may  be  called  also, 
the  hypothesis  of  the  preservation  of  organic  force,  or  of  the  pres- 
ervation of  organic  molecules,  because  according  to  it,  certain 
plastidules  are,  though  not  forever,  for  a  long  time,  preserved  and 
transmitted  from  generation  to  generation.  To  designate  the  idea 
more  simply  I  use  the  term  Plastidule  Hypothesis. 


Monograph  on  Jade,  illustrated  with  fine  specimens  in  all 
THE  DIFFERENT  VARIETIES.  By  Erminnie  A.  Smith,  'of  Jerscy 
City,  N.  J. 

[ABSTRACT.] 

The  close  relationship  between  the  United  States  and  China, 
effected  by  our  great  Pacific  Railways,  has  brought  into  this  coun- 
try many  beautifully  carved  specimens  of  the  heretofore  almost 
unknown  and  unseen  substance  jade. 

This  term  has  been  applied  to  so  many  substances,  related  per- 
haps in  some  of  their  physical  characteristics  yet  differing  widely 
in  chemical  composition,  that  much  confusion  has  arisen  regarding 
their  nomenclature.  If  so  vague  a  term  must  be  used  why  may 
not  amateurs  retain  for  their  finely  carved  specimens  the  beautiful 
appellation  ^^  Tu**  of  the  Chinese,  which  would  suggest  to  those 
familiar  with  that  language  and  literature  many  of  the  tender  and 
endearing  epithets  derived  from  the  name  of  the  substance,  which 
among  eastern  nations  is  not  only  a  badge  of  sovereignty  and 
symbol  of  every  virtue,  but  an  object  of  veneration,  often  of  wor- 
ship? 
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An  analysis  by  Damour  of  the  white  oriental  jade  firom  China, 
gives  silica  57.60 ;  magnesia  25.61 ;  ferrous  oxide  .66 ;  lime 
12.68 ;  alumina  .25  ;  water  2.74 ;  and  a  specific  gravity  of  2.97. 

The  Oriental  and  Oceanic  jades  of  New  Zealand  do  not  differ 
very  widely  in  their  chemical  composition  from  the  Oriental  of 
China,  but  the  specific  gravity  of  the  New  Zealand  Oriental  is 
3.015,  and  of  the  Oceanic  3.18,  while  the  so-called  dark  green 


jade  of  China  gives  on  analysis,  silica  59.62;  magnesia  1.15; 
ferrous  oxide  1.56;  lime  2.68;  soda  12.93;  alumina  22.58;  and 
its  specific  gravity  is  3.34. 

This  great  difference  in  composition  caused  Damour  to  regard  it 
as  a  distinct  mineral  which  he  termed  jadeite.  Being  much  harder 
than  the  Oriental  jade  its  workmanship  is  much  more  diflScult  and 
the  whole  life  of  many  a  patient  Chinese  is  spent  in  the  excavation 
of  a  single  cAe/  d'oeuvre  which  is  esteemed  almost  priceless. 
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The  mask  on  exhibition  is  of  this  material,  its  specific  gravity 
being  3.33.  This  interesting  archsBological  specimen  was  exhumed 
A-om  an  Aztec  tomb  in  Mexico  and  is  authenticated  by  the 
Spanish  Consul  of  that  city,  although  the  ^^  crying  baby  face'' 
might  argue  an  Eastern  origin.  There  is,  however,  a  somewhat 
similar  face  in  quartzite  to  be  seen  in  the  Peabody  Museum  which 
was  also  found  in  Mexico.  As  jade  is  not  now  found  either  in 
Mexico  or  Central  America,  the  question  arises,  did  the  ancient 
Mexicans  have  some  early  communication  with  the  Old  World,  for 
we  know  that  jade  ranked  as  their  first  jewel  and  indicated  the 
**  blue  blood"  of  the  wearer? 

Hauy  describes  another  variety  of  this  substance  as  jade  Te^iace, 
This  is  still  harder  than  jadeite  with  a  specific  gravity  of  3.4  and 
is  now  termed  saussurite.  Many  of  the  Swiss  celts  are  made  of 
this  mineral  which  is  found  in  abundance  around  the  lake  of  Gen- 
eva. But  many  of  these  celts  are  also  of  the  true  Jade  as  are 
these  upon  exhibition,  and  it  now  remains  for  archaeologists  to 
decide  whether  this  material  was  brought  by  those  settlers  from 
their  early  abodes  or  obtained  by  barter,  as  no  jade  or  jadeite  has 
been  found  in  Europe.  The  Merai  and  Liki  on  exhibition  are  from 
New  Zealand.  Similar  varieties  have  been  described  in  '^  Wood's 
History  of  New  Zealand."  The  ear-ring  exhibited  is  of  the  horn- 
blendic  variety  of  Oceanic  Jade. 

The  specific  gravity  is  the  only  scientific  means  of  determining 
the  variety  of  a  carved  specimen  in  this  substance,  but  the  prac- 
tised eye  of  a  connoisseur  can  easily  detect  an  imposture  like 
clouded  chalcedony,  glass  paste,  saponite,  serpentine,  green  jasper 
and  Amazon  stone,  which  are  sometimes  palmed  off  upon  the  un- 
scientific collector,  under  the  very  inclusive  term  jade. 
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Description  of  a  Polished  Stone  Implement  found  in  Monkton, 
Vermont.    By  John  M.  Currier,  of  Castleton,  Vermont. 
[abstract.] 

The  specimen  from  which  the  accompanying  cut  was  taken  was 
ploughed  up  by  Davis  Dalton,  in  1875,  a  few  rods  west  of  Monkton 


View  of  convex  sarface,  {. 

pond,  in  the  town  of  Monkton,  Vermont.  It  soon  after  went  into 
the  possession  of  Dr.  O.  L.  Nimlett  of  that  town,  who  kindly  pre- 
sented it  to  the  writer.    Many  stone  implements  have  been  found 
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in  that  vicinity.  The  three  figures  give  a  better  idea  of  the 
shape  of  the  implement  than  can  be  given  in  words.  Its  length  is 
four  and  one-fourth  inches ;  width  at  the  larger  end  three  and  one- 


View  of  large  end,  \, 

half  inches,  at  the  smaller  end  two  and  one-eighth  inches  ;  greatest 
thickness  at  the  larger  epd,  one  inch,  at  the  smaller  end  seven- 
eighths  of  an  inch.     One  surface  is  nearly  plain,  being  slightly 


View  of  small  end,  \, 

roundexl  off  at  the  edges.  The  opposite  surface  is  bevelled  off  to 
the  right  and  left  from  the  longitudinal  mesial  line  to  either  edge, 
which  is  rounded  off  to  meet  the  rounded  edges  of  the  plain 
surface.  The  thickness  of  either  side  is  about  one-fourth  of  an 
inch. 

Lengthwise,  through  the  centre,  a  hole  has  been  drilled,  five- 
eighths  of  an  inch  in  diameter  at  one  end,  and  a  trifle  smaller  at  the 
other.  The  hole  is  nearly  round,  bulging  a  little  on  three  sides. 
Circular  drill  marks  are  perceptible  the  entire  length. 

The  specimen  is  smoothly  polished  though  some  coarse  marks 
remain.  Scratches  from  use  appear  on  it;  also  scratches  that 
may  have  been  produced  by  the  plough  or  harrow.  One  side  of  the 
hole  at  the  larger  end  has  been  broken  out,  probably  by  accident 
in  use. 

The  material  from  which  this  specin^en  was  made  is  a  soft, 
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green,  argillaceoas  slate.  One  portion  of  the  stone  is  of  a  light 
green  shade,  the  other  of  a  dark  green  shade.  The  line  of  union 
between  the  two  shades  passes  obliquely  through  the  specimen. 
Many  similar  perforated  implements  have  been  described  from 
other  parts  of  the  country  but  as  this  is  the  first  I  have  seen  from 
Vermont,  I  have  thought  it  worthy  of  this  brief  notice. 


Notes  on  the  Archeology  op  the  Champlain  Valley.  By 
George  H.  Perkins,  of  BurlingtoA,  Vermont. 

In  the  St.  Louis  volume  of  the  *'  Proceedings  "  there  is  an  ab- 
stract of  certain  general  remarks  made  by  the  author  upon  the 
Archaeology  of  Vermont.  The  design  of  the  present  paper,  which 
was  illustrated  when  read  by  both  drawings  and  specimens,  is, 
without  repeating  the  facts  given  in  the  former  paper,  to  present 
a  more  complete,  though  necessarily  very  imperfect,  account  of 
some  of  the  main  features  thus  far  discovered  in  the  Archaeology, 
not  only  of  Vermont,  but  of  the  entire  region  bordering  Lake 
Champlain. 

The  Champlain  Valley,  although  by  its  natural  characteristics 
eminently  fitted  for  occupation  by  savage  tribes,  and  very  inviting 
in  many  portions  to  those  that  wished  to  form  permanent  settle- 
ments, does  not  afiTord  thus  far,  indications  that  its  borders  have 
been  thus  occupied  at  least  for  several  hundreds  of  years.  Possibly 
— we  may  even  say  probably, — centuries  before  the  coming  of  the 
white  man,  the  eastern  shore,  which  is  most  fertile  and  far  less 
rugged  and  wild  than  much  of  the  western,  supported  a  considerable 
population.  There  are  indications  of  this  which  we  cannot  delay 
to  mention,  but  there  is  no  absolute  proof  of  it.  Champlain  found 
the  shores  of  his  lake  uninhabited  two  hundred  and  seventy  years 
ago,  and  the  reason  which  his  savage  friends  assigned  was  doubtless 
a  true  one:  they  told  him  that  because  of  wars  between  the 
Algonkins  and  the  Iroquois,  the  large  islands  and  shores  which 
had  once  been  inhabited  were  so  no  longer.  And  to-day  the 
archaeologist  finds  his  treasures  not  in  heaps,  nor  thickly  strewn 
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over  small  ai*eas,  but  scattered  singly  or  at  most  in  very  small 
numbers  here  and  there  all  over  the  region.  Of  course  some 
localities  are  richer  than  others, — here,  fragments  of  pottery  may 
occur  in  considerable  quantity,  there,  an  arrow-maker  stopped  long 
enough  to  cover  the  ground  with  chips  among  which  finished  spec- 
imens of  his  work  may  be  found,  but  such  quantities  of  stone  im- 
plements as  have  been  found  crowded  together  in  a  small  space  in 
some  parts  of  the  countiy  never  occur  in  the  Champlain  valley. 
Aside  from  the  discoveries  at  Swanton,  Vt.,  fully  described  in  the 
Portland  volume  of  the  "  Proceedings"  and  those  near  Plattsburgh, 
N.  Y.,  to  be  specially  mentioned  hereafter,  I  know  of  no  very 
pi-olific  locality,  near  the  lake.  However,  as  both  of  these  "  finds  " 
remained  wholly  concealed  beneath  the  sand  in  which  the  speci- 
mens were  buried  until  the  removal  of  the  forest  growth  on  the 
surface  permitted  the  wind  to  blow  off  the  surface  sand  and  thus 
disclose  the  hidden  treasure,  we  may  hope  that  in  future  yet 
other  similar  discoveries  may  be  made.  At  the  St.  Louis  meeting 
I  stated  that  there  was  no  evidence  that  the  early  inhabitants  of 
the  Champlain  valley  cultivated  the  ground,  but  soon  after  my  re- 
turn several  undoubted  agricultural  implements  came  into  my 
hands,  and  I  have  heard  of  a  number  of  others  in  various  local 
collections.  Still  these  implements  are  not  common  and  as  objects 
of  such  size  and  strength  would  necessarily  be  more  easily  pre- 
served than  those  that  were  smaller  and  more  fragile,  their  scarcity 
would  show  that  agricultural  labor  was  not  extensively  carried  on ; 
and  as  such  implements  as  have  been  found  were  obtained  mostly 
on  the  eastern  side  of  the  Green  Mountains,  it  would  follow  that 
the  Algonfein  tribes  living  there  were  more  inclined  to  till  the 
soil  than  the  Iroquois  of  the  shores  of  Champlain.  Still  we 
can  not  reason  with  much  certainty  from  such  meagre  data  as  we 
now  possess.  None  of  the  agriculturaf  implements  that  I  have 
seen  equal  in  regularity  of  form  and  elegance  of  finish  the  best 
implements  of  this  cla^ss  from  the  West,  nor  are  they  so  large. 
In  form,  they  are  ovate,  lanceolate,  leaf-shaped,  or  some  modifica- 
tion of  these  forms,  and  usually  inequilateral.  All  are  more  or 
less  narrowed  to  a  blunt  point  at  one  end.  They  are  strong, 
though  not  always  clumsy.  They  vary  from  five  to  ten  inches  in 
length  and  are  about  half  as  wide.  I  should  judge  that  most,  if 
not  all,  were  used  as  spades,  though  I  have  heard  of  some  which 
were  called  hoes.     It  is  possible  that  some  of  the  objects  classed 

A.  A.  A.  8.,  VOL.  XXVUI.  34 
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as  celts  were  used  as  spades  or  hoes,  for  among  the  Vermont  speci- 
mens there  are  some  which  are  of  a  character  rendering  them  more 
suitable,  one  would  suppose,  for  cultivating  the  ground  than  for 
use  as  axes  or  even  chisels.  If  we  study  the  agricultural  imple- 
ments of  many  modem  tribes  of  uncivilized  people  we  find  among 
them  some  very  much  like  some  of  the  ancient  ^'  celts ''  and  I  am 
inclined  to  believe  that  many  implements  classed  in  our  collec- 
tions as  *' celts,"  "ungrooved  axes,"  and  the  like,  were  really 
spades  or  hoes.  If  this  be  true,  agricultural  implements  may  be 
more  common  in  some  localities  than  we  have  supposed. 

The  Champlain  valley  furnishes  us  with  specimens  of  most  of 
the  ordinary  forms  of  axes.  As  would  be  expected  by  far  the 
most  common  is  the  '^  celt "  or  ungrooved  axe,  and  some  of  these 
are  quite  large,  of  very  fine  material  and  with  polished  surfaces. 
Others  of  coarser  material  are  more  rudely  made.  In  some  the 
edge  is  curved,  in  others  straight.  So  great  a  diversity  of  form 
is  seen  in  this  class  of  implements  that  it  is  difiScult  to  resist  the 
belief  that  they  were  not  all  axes,  but  served  a  variety  of  uses,  or 
perhaps  the  same  implement  served,  as  occasion  required,  different 
purposes.  A  few  specimens  have  been  found  which  form,  in  some 
sort,  a  connecting  link  between  ungrooved  and  grooved  axes. 
These  are  grooved  only  on  the  narrow  sides,  but  not  across  the 
broad  sides,  so  that  they  are  notched  rather  than  grooved.  These 
notched  axes  are  both  large  and  small  and  usually  rude.  Some 
fine  specimens  of  gi'ooved  axes  have  been  found,  but  they  are  far 
more  rare  than  in  many  portions  of  the  country.  The  largest 
that  I  have  seen  is  nine  inches  long  and  four  and  a  half  wide,  but 
most  are  much  smaller.  One  unique  specimen  which  may  be  called 
an  axe  was  found  near  the  Connecticut  river  in  the  southern  part  of 
the  state.  This  specimen,  which  is  in  the  form  of  a  letter  L,  with 
an  edge  at  each  end,  is  figured  and  described  in  another  place.^ 
It  quite  closely  resembles  an  English  specimen  figured  by  Evans  ^ 
but  is  much  larger,  being  seven  and  a  halflnches  long.  Hatchets 
or  tomahawks  are  not  very  uncommon.  Some  are  of  greenstone, 
slate,  etc.,  and  of  course  ground  into  shape,  but  most  are  of  fiint, 
homstone  or  quartzite,  fiaked.  I  find  it  difficult  in  some  cases  to 
determine  whether  the  specimen  was  intended  for  a  large  knife  or 
a  hatchet.    Some  of  the  hatchets  are  very  sharp  and  well  formed 

i  Am.  Naturalist.  Vol.  XIII,  p.  738,  pi.  II,  flg.  6. 
<  Ancient  Stone  Implements,  p.  124,  flg.  83. 
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and  mast  have  made  very  effective  implements.  In  the  museum 
of  the  University  of  Vermont  there  are  three  specimens  of  a  form 
such  as  would  ordinarily  be  called  *'  pestles,"  but  it  is  more  than 
doubtful  whether  they  were  intended  for  such  a  use.  I  think 
that  they  were  made  either  for  clubs  or  bat6ns.  One  end  is  carved, 
rudely  indeed,  but  not  indistinctly,  in  the  form  of  the  head  of  an 
animal.  The  form  is  cylindrical ;  the  end  not  carved  is  rounded 
and  shows  no  sign  of  use.  The  largest  is  twenty-seven  inches 
long  and  weighs  six  pounds.^  Other  specimens  of  the  ^'  pestle  " 
order  seem  to  have  been  used  as  rollers,  as  they  are  very  round  and 
smooth  at  the  ends  as  if  worn  by  rubbing  against  the  hand. 
Specimens  of  this  sort  are  usually  very  well  made,  of  hard  material, 
largest  in  the  middle  and  tapering  towards  each  end.  Other 
specimens  could  not  well  have  been  used  for  any  other  purpose 
than  pounding  as  they  are  square  with  rounded  ends.  One  of 
these  is  a  foot  and  a  half  long  and  three  inches  square.  Some  of 
the  specimens  are  rounded  on  two  sides  and  flat  on  the  other  two ; 
others  are  club  shaped.  The  short  conical  pounding  stones  found 
in  the  West  never  occur  in  the  Champlain  region.  Mortars  are 
more  rare  than  would  be  supposed.  Those  that  I  have  seen  are 
rather  rudely  made  and  quite  shallow.  Pipes  are  among  the  rarest 
specimens  in  our  collections,  as  well  as  the  most  elegant.  They 
are  very  rarely  of  terra  cotta,  more  often  of  stone.  Two  have 
been  found  of  the  former  material,  of  a  trumpet  form,  very  nicely 
made  and  finished.  One  of  these  is  figured  in  the  article  in  the 
Naturalist  already  referred  to,  as  is  also  one  of  the  stone  pipes.  A 
pipe  of  coarser  material  but  of  very  regular  form  was  found  last 
fall  near  Plattsburgh,  N.  Y.  This  is  of  modem  form,  the  stem 
being  at  a  right  angle  with  the  bowl,  and  one  of  the  stone  pipes 
which  was  found  near  Burlington  is  of  the  same  general  form. 
All  of  the  other  stone  pipes  are  cylindrical  or  urn-shaped  and  are 
very  well  made  and  finely  polished,  so  that  although  far  from  being 
as  elaborate  and  elegant  as  the  finer  specimens  from  the  mounds, 
they  are  nevertheless  as  well  finished,  and  made  with  equal  care. 
None  of  them  are  carved  to  imitate  any  animal  form,  unless  it  be 
in  one  case  where  the  margin  of  the  bowl  is  prolonged  on  one 
side  to  form  what  may  have  been  designed  for  the  beak  of  a  bird. 
Knives  are  found  in  great  number  and  variety  in  all  parts  of  the 
Champlain  valley.     On  the  Vermont  side  only  chipped  or  flaked 

•For  fuller  description  of  these  see  Am.  Nat.,  Vol.  XIII,  p.  739,  pi.  II,  fig.  1. 
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specimens  have  been  found,  while  on  the  opposite  side  of  the  lake 
both  flaked  and  ground  knives  occur.  The  flaked  knives  vary 
almost  indefinitely,  both  in  form  and  degree  of  elegance.  Some 
are  rude  in  the  centre  but  carefully  finished  about  the  edge. 
Oval  forms  are  perhaps  more  common  than  others,  but  lanceolate 
knives  are  also  abundant.  Some  are  long,  narrow  and  dirk- 
shapcd,  others  short  and  wide.  Forms  much  like  a  modem  knife- 
blade  are  not  uncommon,  with  an  edge  along  the  curved  side  only, 
the  straight  side  being  often  quite  thick.  Stemmed  knives  are 
as  common  as  those  without,  and  of  as  great  variety  in  form. 
Some  of  them  are  very  carefully  chipped  and  have  sharp  edges. 
It  is  stated  above  that  only  chipped  knives, — of  course  made  of 
quartzite,  flint,  or  some  silicious  stone, — are  found  on  the  eastern 
side  of  Lake  Champlain ;  but  if  the  peculiar  slate  specimens  with 
stems  bearing  a  series  of  small  notches  on  each  side,  which  have 
been  described  in  former  articles,^  are  to  be  regarded  as  knives, 
this  statement  must  be  modified  accordingly.  On  the  New  York 
side,  however,  besides  flint  knives  similar  to  those  found  in  Ver- 
mont, slate  knives  of  excellent  workmanship  have  been  found. 
One  of  these  is  very  much  like  one  figured  in  ^^  Stone  Age  in  New 
Jersey"*  except  that  it  has  no  thickening  along  the  back.  It  is  a 
little  larger  than  Dr.  Abbott's  specimen.  It  is  exceedingly  well 
made,  of  hard  slate,  the  sides  not  polished,  but  smooth,  and  stri- 
ated by  the  material  used  in  grinding  it.  It  is  a  little  more  than 
six  inches  long,  and  in  the  widest  part,  two  inches  wide.  As  one 
end  is  broken,  the  entire  length  was  originally  a  little  more  than 
that  given.  The  thickness  at  the  back  is  a  little  less  than  one- 
fifth  of  an  inch.  Another  beautiful  specimen, —  though  a  consid- 
erable fragment  is  missing  from  each  end, — is  shaped  more  like  a 
modern  chopping-knife.  The  material  is  drab  talcose  slate,  and 
the  surface  is  polished.  Along  the  back  is  a  thickened  ridge  like 
that  in  Dr.  Abbott's  figure,  and  of  about  the  same  width.  The 
blade  is  flat,  and  wider  than  in  the  specimen  alluded  to,  and  the 
edge  is  more  convex.  The  length  is  four  and  six-tenths  inches, 
and  the  width,  where  greatest,  two  and  three-fourths  inches.  Both 
of  these  unusually  fine  specimens  are  in  the  collection  of  Dr. 
Kellogg  of  Plattsburgh,  near  which  place  they  were  found. 
About  a  mile  north  of  this  town  there  is  a  very  interesting  lo- 

*Am.  Naturalist,  vol.  V,  p.  16,  flg.  5  and  vol.  XIH,  p.  741,  flg.  7. 
•Smithsonian  Report,  1875,  p.  903,  fig.  lU. 
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cality  for  archaeological  investigation,  one  of  the  most  so  in  the 
Champlain  valley.  Low  sand-ridges  run  along  the  head  of  Cum- 
berland bay,  sometimes  approaching  within  a  few  rods  of  the 
shore  and  nowhere  being  far  from  it.  These  ridges  were  covered 
with  trees,  chiefly  pines,  but  lately  some  of  these  trees  have  been 
removed,  thus  leaving  the  surface  exposed  to  the  force  of  the 
wind,  which  has  swept  off  the  light  soil  and  excavated  large  gaps 
through  the  ridges,  some  of  them  twenty  or  thirty,  or  even  more, 
feet  deep.  In  the  fall  of  1878,  Dr.  Kellogg  discovered  (Vagments 
of  pottery  in  the  places  exposed  by  the  wind,  and  soon  after,  in 
his  company,  I  visited  the  place  and  have  since  repeatedly  exam- 
ined it.  When  I  first  explored  the  place  there  were  several  wide 
cuts,  and  over  the  sand  at  the  bottom  and  along  the  sides,  were 
great  numbers  of  bits  of  pottery  of  all  sizes,  from  those  no  larger 
than  a  pea,  to  those  as.  large  as  one's  hand,  and  often  pieces 
Ij'ing  adjacent  could  be  fitted  together  so  as  to  form  quite  a  large 
portion  of  a  Jar.  In  some  places  the  sand  was  veiy  thickly 
strewn  with  these  fragments,  in  others  they  were  more  sparingly 
scattered.  As  those  specimens  first  obtained  were  evidently  not 
in  situ^  but  fallen  f^om  their  original  location,  it  was  not  pos- 
sible to  ascertain  the  depth  below  the  surface  of  the  deposit, 
but  subsequent  investigations  have  shown  that  it  varies  from  not 
more  than  three  feet  to  very  much  more.  Dr.  Kellogg  and  my- 
self dug  from  beneath  the  roots  of  a  pine  some  large  fragments 
firmly  embedded  in  the  sand,  which,  very  evidently,  had  not  been 
disturbed  for  a  long  time,  and  these  were  not  more  than  three  or 
four  feet  beneath  the  present  surface,  but  we  have  also  dug  speci- 
mens from  twice  that  depth.  The  sand  is  now  blown  off  from 
quite  large  areas,  several  rods  wide  and  long,  and  over  these  areas 
are  found,  always  at  a  considerable  depth  below  the  present 
surface,  deposits  of  charcoal  and  ashes  several  inches  thick. 
Most  of  the  specimens  have  been  found  above  this  layer,  but  by 
no  means  all.  As  the  material  of  the  ridges  below  the  layer  of 
vegetable  mould  on  the  surface,  and  indeed  of  the  entire  region 
about  it,  is  pure  yellow  sand,  without,  in  many  portions  even 
a  pebble,  any  foreign  body  is  quite  conspicuous,  and  on  this 
account  certain  heaps  and  clusters  of  large  stones,  scattered  here 
and  tbere,  at  once  attract  attention.  These  stones  are  of  all 
sorts,  and  were  evidently  obtained  from  some  deposit  of  boulder- 
drift,  as  they  possess  the  usual  characters  of  the  material  of 
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such  deposits.  They  are  from  three  or  four  inches  in  diameter 
to  more  than  twice  this  size.  Most  of  them  showed  evident  in- 
dications of  having  been  heated.  There  were  twelve  of  these 
clusters  of  stones  visiUe,  each  covering  a  space  of  perhaps  six 
feet  square.  Usually  they  were  isolated  from  each  other,  but 
in  one  or  two  instances  two  were  near  each  other.  From  the 
nature  of  the  case  their  exact  depth  below  the  surface  could  not 
be  precisely  determined,  and  if  it  had  been,  the  determination 
would  have  been  of  little  value,  for  the  mobile  character  of  the  soil 
renders  it  almost  certain  that  the  surface  has  changed  many  times 
since  the  stones  were  piled  upon  it.  However,  all  of  them  are 
several  feet  below  the  present  surface.  From  the  character  of 
these  groups  of  stones  and  that  of  their  surroundings,  I  believe 
that  they,  some  of  them  at  least,  constituted  kilns  for  the  burning 
of  the  pottery  which  is  now  strewn  in  fragments  about  them. 
Some  may  very  likely  have  formed  fire-places ;  for,  as  will  be  seen, 
there  are  evidences  of  a  more  or  less  permanent  encampment  or 
settlement  at  this  place.  It  would  seem  to  be  conclusive  proof 
that  pottery  was  burned  in  this  place,  that  we  find  irregular  masses 
of  burned  clay,  or  rather  of  the  same  material  as  that  of  which 
the  jars  were  made,  which  can  only  be  regarded  as  refuse  left 
in  the  manufacture  of  the  jars.  All  the  materials  needed  in  this 
manufacture  are  found  near  by. 

As  has  been  stated,  when  first  visited,  the  sand  was  in  many 
places  thickly  strewn  with  pottery,  but  as  excavations  by  the 
wind  have  not  kept  pace  with  the  labors  of  collectors,  it  is 
not  easy  at  present  for  a  person  unfamiliar  with  the  locality  to 
obtain  many  specimens.  Dr.  Kellogg  has  with  indefatigable  perse- 
verance explored  the  locality,  and,  as  the  result  of  his  labors,  now 
possesses  a  large  collection  of  not  only  potter}*  but  stone  imple- 
ments. In  all  he  has  several  bushels  of  fragments ;  other  collec- 
tors have  lesser  quantities,  and  the  locality  is  by  no  means  ex- 
hausted. Indeed,  I  think  it  by  no  means  unlikely  that  more  yet 
remains  in  the  sand  banks  than  has  been  taken  from  them.  Not 
a  single  entire  jar  has  been  found  and  the  reason  is  not  far  to 
seek,  for  the  sand  at  any  distance  below  the  surface  is  always  damp, 
so  of  course  is  the  embedded  pottery,  and  it  is  with  very  great 
difficulty  that  even  a  large  fragment  can  be  gotten  out  entire.  So 
little  tenacity  have  some  of  the  pieces  that  when  first  obtained 
they  may  break  from  their  own  weight,  if  held  by  one  side.    The 
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fact  that  this  damp  sand  is  usaally  packed  very  firmly,  increases 
the  diflSculty.  While  no  complete  specimens  have  been  found, 
masses  of  fragments  have  been  obtained,  which  when  fitted  together, 
so  far  produced  the  entire  jar,  that  its  form  and  size  could  be  deter- 
mined. In  the  case  of  the  rim  this  is  more  often  true  than  of  the 
rest  of  a  Jar,  for  the  greater  strength  of  this  portion  makes  it  more 
likely  to  be  preserved  than  other  portions.  Dr.  Kellogg  has  sug- 
gested, what  is  very  likely  true,  that  many  of  the  pieces  of  pottery 
may  be  those  of  articles  destroyed  in  the  process  of  manufacture, 
but  as  he  has  called  my  attention  to  several  pieces  which  have  still 
adhering  to  them  what  appears  to  be  the  charred  remains  of  food 
cooked  in  them,  it  is  doubtless  true  that  many  were  not  only  made, 
but  used  on  the  spot,  for  household  purposes.  The  facts  mentioned 
are  sufficient,  I  think,  to  account  for  the  absence  of  whole  articles 
of  pottery.  In  color  and  general  character  this  pottery  resembles 
that  f^om  other  localities  in  the  Ghamplain  Valley  and  elsewhere. 
The  color  varies  from  light  clay  color,  through  various  shades  of 
red,  drab  and  brown,  to  black,  the  darker  shades  predominating 
and  specimens  entirely  black  are  not  uncommon.  The  quality  is 
very  difibrent  in  different  specimens.  lit  some  cases  the  paste  was 
composed  of  so  finely  ground  materials  that  they  are  indistinguish- 
able, while  in  others  we  find  conspicuous  bits  of  quartz  or  feldspar 
mixed  with  the  finer  paste.  All  received  a  coating  of  fine  paste 
consisting  chiefiy  of  clay  over  both  the  outside  and  inside,  giving 
a  smooth  finish  to  the  surfaces  even  when  coarse  materials  were 
used  for  the  main  mass  of  the  article.  As  to  the  size  of  most  of 
the  jars  nothing  definite  can  be  said,  though  fragments  of  many 
of  them  are  sufficiently  large  to  give  at  least  some  idea,  and  in 
some  cases  a  pretty  •  accurate  one,  of  the  size  of  the  article  to 
which  they  belonged.  Some  of  them  were  undoubtedly  large  and 
others  smaller.  The  rims  of  a  number  of  them  are  so  nearly  com- 
plete that  we  can  readily  measure  their  diameter  and  we  find  this 
to  be  from  five  to  fifteen  inches,  but  probably  seven  or  eight  inches 
was  the  most  common  size  of  the  opening,  and  it  is  also  probable 
that  the  usual  globular  form  was  that  of  the  lower  portion  of  all 
of  them.  The  upper  part,  however,  shows  more  variety.  One  class 
of  jars  were  globular,  or  fiask-shapcd,  wholly  without-  ornament 
except  just  about  the  rim  which  is  circular,  not  recurved  or  fiaring, 
though  having  a  narrow  lip.  Jars  of  this  sort  are  mostly  small 
and  often  quite  thick.    Another  form  is  similar,  but  the  rim  is 
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much  recurved,  so  much  so  in  some  cases  as  to  form  a  wide  hori- 
zontal surface,  which  is  covered  with  indented  lines  and  figures 
and  these  do  not  always  have  a  circular  opening  but  in  some  it  is 
square,  or  more  rarely  pentagonal,  being  compressed  below  to  form 
a  neck,  below  which  the  form  is  globular.  The  largest  jars  are 
mostly  of  this  sort,  and  some  of  them  are  very  thick  and  heavy. 
Some  of  these  are  ornamented  profusely  over  the  upper  third  or 
half,  and  rarely  the  entire  outer  surface  is  ornamented.  In  this 
case  the  lower  globular  portion  is  impressed  with  a  sort  of  willow- 
basket  figure,  as  if  moulded  ib  a  basket  of  woven  rushes  or  grass. 
In  some  specimens  the  ornamentation  is  not  confined  to  the  out- 
side, but  extends  over  the  rim  down  the  inside  sometimes  for  sev- 
eral inches.  The  inside  decoration  does  not  exhibit  so  great  a 
variety  in  pattern  as  does  that  of  the  exterior  and  is  usually  made 
up  of  horizontal  rows  of  dots  or  linear  figures.  Aside  from  this, 
some  of  the  jars  were  covered  on  the  inside  with  shallow,  horizon- 
tal grooves,  but  most  are  smooth  inside.  A  few  specimens  have 
the  rim  very  neatly  scalloped,  others  ai*e  denticulated,  but  such 
are  rare.  The  decoration  of  the  outside  is  difQcult  to  describe,  it 
embraces  so  great  a  variety  of  patterns.  Probably  not  less  than 
five  hundred  different  designs  exist  in  the  fragmepts  already  col- 
lected in  this  one  locality.  In  looking  over  Dr.  Eellogg's  collec- 
tion I  counted  over  three  hundred  fragments  of  rims,  each  difiering 
from  all  the  rest  in  style  of  ornament.  Many  other  pieces  difier- 
ent  from  all  of  these  are  in  his  collection  and  my  own.  Some  of 
the  combinations  of  lines,  dots,  denticulated,  key-shaped,  and 
other  figures,  are  veiy  elaborate  and  pretty.  In  some  cases,  stamps 
were  undoubedly  used,  as  denticulated  lines  two  or  three  inches 
long  are  to  be  seen,  which  are  relocated,  and  the  end  of  one  line  of 
denticulations  overlaps  that  of  another,  or  is  perhaps  separated  by 
a  small  space  from  it.  Rows  of  depressions  made  by  some  blunt 
pointed  bone  or  other  instrument  are  common. 

Bands  an  inch  or  so  wide  made  up  of  vertical  rows  of  small 
dots  or  other  figures  alternate  with  ccmtinuous  lines.  Bows  of  fine 
scallops,  waved  lines,  parallel  lines  of  various  widths,  an*anged 
horizontally,  vertically,  obliquely,  or  crossing  each  other  to  form 
lozenge-shaped  spaces,  are  not  uncommon.  Circles,  semicircles, 
*  squares  and  triangles  are  common,  of  various  sizes,  and  many  other 
forms  not  easily  described.  Some  of  these  figures  are  bold  and 
deeply  stamped  but  many  are  very  fine  and  delicate.    I  have  not 
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Been  from  any  locality  more  exqaisite  specimens  of  stamped 
eartlienware  than  some  of  this. 

On  smooth,  even  surfaces,  multitudes  of  fine  figures  thickly  im- 
pressed form  a  very  elegant  decoration.  In  many  specimens  the 
impressions  completely  cover  the  surface,  though  specimens  also 
occur  in  which  the  figures  are  more  sparingly  used.  Not  only  at  the 
locality  we  have  described,  but  in  other  places  farther  from  the 
lake,  similar,  though  smaller,  deposits  of  pottery  have  been  discov- 
ered. Aside  from  the  evidences  already  mentioned,  there  are 
other  indications  of  a  somewhat  extended  occupation  of  this 
locality.  Flint  chips  are  found  together  with  entire  spear  and 
arrow  points,  also  hammer  stones,  axes,  grooved  and  ungrooved, 
pestles,  scrapers,  disks  of  quartz,  cylindrical  stone  beads  and  one 
of  coral,  have  been  found  with  the  pottery.  Human  bones  in  an 
advanced  stage  of  decomposition  have  also  been  found  by  Dr. 
Kellogg.  He  has  also  found  not  far  away  considerable  quantities 
of  the  long  bones  of  deer,  split  longitudinally,  and  also  a  very 
interesting  bone  spear-head  very  nicely  made.  This  specimen', 
which  is  especially  interesting  because  it  is  the  only  bone  imple- 
ment hitherto  found  in  the  Champlain  valley,  is  barbed  on  each 
Bide  with  five  rounded  points,  which,  as  they  have  some  appearance 
of  being  worn,  may  have  been  originally  sharp.  The  surface  is 
convex  and  smoothly  finished  —  almost  polished.  The  outline  is 
regular  and  every  part  of  the  implement  shows  skilful  workman- 
ship. The  base  is  broken  so  that  it  may  have  been  longer  than 
now.  Its  present  length  is  a  little  less  than  four  inches  and  it  is 
about  three- fourths  of  an  inch  wide  at  the  base,  from  which  it 
tapers  but  very  little  until  the  anterior  barbs  are  reached,  from 
which  the  sides  curve  towards  each  other  to  form  a  rather  blunt 
point.  The  resemblance  of  this  specimen  to  some  of  the  bone 
spear-heads  from  European  localities  is  very  striking.  As  to  the 
age  of  the  deposit  of  pottery  and  the  associated  stone  objects  we 
are  left  almost  as  much  in  the  dai*k,  as  in  regard  to  that  of  the  rest 
of  our  Champlain  valley  specimens.  The  location  of  the  place 
where  the  kilns  are  found  is  such  as  to  force  us  to  believe  that  they 
were  not,  in  all  probability,  used  later  than  the  advent  of  Cham- 
plain. As  we  have  seen,  there  are  strong  grounds  for  believing 
that  we  have  in  this  manufactory  of  pottery  not  a  temporary 
stopping  place  but  a  settlement  of  considerable  duration.  The 
very  nature  of  the  articles  manufactured  indicates  this, —  a  war 
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or  hunting  party  would  not  establish  an  extensive  pottery,  nor 
would  any  party  not  making  the  place  one  of  residence.  But 
Champlain  tells  us  in  his  narrative  that  he  sailed  southward  through 
the  lake  from  Canada  and  saw  no  settlement,  nor  even, — we  are 
left  to  infer, — a  wandering  band  of  the  Iroquois,  who  held  the 
region  about  the  lake,  until  he  reached  a  point  far  south  of  that 
with  which  we  are  concerned.  He  states  moreover  that  be  sailed 
along  the  western  shore  of  the  lake.  Had  there  at  that  time 
existed  a  settlement  at  the  head  of  Cumberland  bay  so  ex- 
posed to  view  from  the  lake  as  this  must  have  been,  Champlain, 
or  at  any  rate  his  keen-eyed  Algonkin  companions,  could  scarcely 
have  failed  to  discover  it  or  indeed  to  have  known  of  it  long  be- 
fore. Nor  is  there  any  probability  that,  at  any  time  subsequent  to 
Champlain's  voyage  in  1609,  any  settlement  could  have  existed  at 
this  place ;  in  fact  it  seems  certain  that  there  did  not.  If  this  be 
true,  then  we  are  forced  to  believe  that  the  locality  was  occupied 
either  by  Iroquois,  or  by  some  antecedent  people,  before  the  hos- 
tilities began  which  forced  those  living  in  the  neighborhood  of  the 
lake  to  seek  safer  sites  for  their  habitations ;  and  how  long  ago 
that  was,  we  can  only  guess. 

If  we  compare  the  collections  of  objects  found  upon  the  east 
and  west  shores  of  Lake  Champlain,  we  find  that  they  are  sub- 
stantially identical,  and  that  undoubtedly  the  greater  part  of  them 
represent  the  work  of  the  same  people.  Naturally,  specimens  of 
various  kinds  have  been  found  on  each  side  of  the  lake  which  can 
not  be  duplicated  on  the  other,  but  the  larger  and  more  complete 
the  collections  become,  the  more  clearly  does  their  similarity  ap- 
pear. In  both  the  stone  implements  and  the  pottery,  this  similarity 
appears.  In  the  latter,  however,  we  find  a  much  greater  variety 
in  the  principal  locality  on  the  New  York  shore  to  which  we  have 
given  attention,  than  is  found  in  Vermont  pottery,  but  many  of  the 
designs  are  identical  and  the  general  style  is  the  same  in  both,  as 
may  be  seen,  I  think,  by  referring  to  an  account  of  Vermont  pot- 
tery already  published.* 

On  both  sides  of  the  lake  we  find  many  objects  very  much  like 
those  of  similar  character  from  the  mounds ;  especially  is  this  true 
of  gorgets  and  other  objects  used,  presumably,  for  ornament,  also 
of  copper  implements  most  of  which  are  identical  in  form  with 
some  of  those  from  the  mounds.    From  this  fact  it  would  seem 

•  Proc.  A.  A.  A.  Sm  Vol.  XXV,  p.  825.   Also  Am.  Natarallst,  Vol.  V,  p.  14,  flgs.  1  and  S. 
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probable  that  the  copper  implements  used  in  the  east  were  im- 
ported as  sach  from  the  West  rather  than  made  by  the  tribes  who 
finally  owned  them.  In  the  stone  implements,  however,  it  was 
neither  the  object  nor  its  material  that  was  imported  but  only  the 
pattern  ;  for  the  material  is,  I  think,  in  all  cases,  such  as  is  found  in 
this  region  and  is  not  found  elsewhere;  as,  for  example,  the 
common  red  and  purple  roofing  slates  which  were  used  for  ^'  two- 
hole  "  stones  and  other  amulets,  as  well  as  for  *'  boat-stones"  and 
"  birdshead  "  stones. 

In  tl\e  collections  of  the  more  ordinary  stone  implements,  as 
gouges,  axes,  knives,  spear,  lance,  and  arrow-points,  etc.,  we  find 
local  material  chiefly  used.  On  this  account,  brilliancy  of  color  is 
less  often  seen  in  collections  from  the  Champlain  valley  than  in 
those  from  the  south  or  west.  Gray,  bluish-white,  drab  or  green- 
ish shades  prevail,  and  though  many  of  the  specimens  by  no  means 
lack  beauty,  they  are  not  often  showy. 
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Superstitions  of  the  Ancient  Inhabftants  of  the  Mississippi 
Valley  relative  to  Thunder.  By  J.  G.  Henderson,  of 
Winchester,  111. 

Superstitions  of  the  Ancient  Inhabitants  of  the  Mississippi 
Valley  relative  to  Serpents.  By  J.  G.  Henderson,  of 
Winchester,  III. 

Lake  Erie  and  the  Eries.  By  J.  G.  Henderson,  of  Winches- 
ter, III. 

Exhibition  of  Arch^ological  Objects.    By  S.  S.  Haldeman, 
of  Chickies,  Pa. 
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EEPORT  OF  THE  GENERAL  SECRETARY. 

Wednesday,  August  37,  1879.  The  Association  assembled  in  the  Town 
Hall,  Saratoga,  N.  Y,  and  was  called  to  order  at  10.80  A.  m.,  by  Professor 
O.  C.  Marsh,  the  retiring  President,  who  introduced  th^  President  elect, 
Professor  Gkorgk  F.  Barker,  of  Philadelphia. 

President  Barkrr  accepted  the  chair  in  the  following  words : — 
Fellow  members  of  the  American  Association  for  the  Advancement  of 
Science : — 

I  trnst  I  am  not  insensible  to  the  high  honor  which  you  have  conferred 
upon  me  by  electing  me  to  the  office  of  President.  I  cannot  but  regard  it 
as  a  coincidence  as  pleasant  as  it  is  strilcing,  that  precisely  twenty  years 
ago  I  joined  the  Association  and  enrolled  my  name  among  its  list  of 
members.  Looking  back  now  to  that  Springfield  meeting^  presided  over 
with  so  much  dignity  by  one  whom  the  touch  of  time  has  spared  to 
remain  among  us,  Professor  Stephen  Alexander  of  Princeton,  there  pass 
before  me  in  stately  procession  the  eminent  men  who  gave  tone  ancf 
character  to  that  meeting  and  worthily  upheld  the  name  of  American 
Science.  Alas,  that  so  many  of  them  have  passed  away  leaving  us  to 
bear  the  burdens  which  they  carried  with  so  much  ease.  Standing  now 
upon  the  threshold  of  another  meeting  and  looking  back  upon  the  past 
of  this  Association,  glorious  with  the  names  of  men  distinguished  in 
every  branch  of  science,  I  feel  proud  that  I  am  permitted  to  occupy  this 
chair.  But  on  the  other  hand,  when  I  think  of  the  illustrious  men  who 
have  stood  where  I  stand  and  have  directed  yo«ir  deliberations,  I  feel 
very  humble.  It  is  the  sight  of  so  many  of  these  Past  Presidepts  here 
upon  the  platform  with  me  that  encourages  me  to  undertake  this  duty, 
and  fixes  in  me  the  desire  to  hand  onward  to  my  successor  the  office 
which  Professor  Marsh  has  just  now  placed  in  my  hands  undimmed  in 
the  lustre  of  its  fame  and  untarnished  in  its  reputation.  Again  I  thank 
you  for  this  honor  and  pledge  myself  to  use  my  best  endeavors  to  serve 
the  Association  well  and  to  justify  the  selection  which  you  have  made. 

President  Barker  then  called  upon  Rrv.  Peter  Stryker,  D.  D.,  to  open 
the  meeting  with  prayer.  After  the  invocation  an  Address  of  Welcome 
was  delivered  by  Dr.  R.  C.  McEwen,  Chairman  of  the  Local  Committee, 
who  spoke  as  follows : — 

Mr.  President  and  Members  of  the  Association  for  the  Advance- 
ment OF  Science. 

It  is  said,  there  is  nothing  new  under  the  sun.  And  we  do  not  propose 
to  question  the  abstract  truth  of  the  proposition.  It  may  be  that  the 
physical  laws  which  govern  the  world  have  ever  been  unchanged,  and  the 
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mutations  that  are  laid  before  ns  are  only  recognitions  on  our  part  of  new 
applications  of  principle.  It  may  be  that  we  have  discovered  nothing  new 
in  man's  relation  to  his  fellow  man,  and  the  laws  which  govern  him  as  a 
social  being.  Yet  overshadowed  by  the  presence  of  the  scientific  intellect 
of  the  day,  and  under  the  shadow  of  a  negative  stKtement  as  to  the  ex- 
istence of  novelty  under  the  sun,  I  rise  in  behalf  of  those  I  represent  to 
extend  to  the  workers  in  the  fields  of  science,  a  cordial  welcome  to  a  spot 
on  6od*s  footstool,  that  is  reputed  the  resort  of  the  votaries  of  pleasure. 

There  were  germs  of  philosophic  truth  planted  amid  the  ignorance  and 
superstition  of  earlier  days,  but  the  golden  harvest  of  the  present  is 
the  rich  reward  of  inductive  research ;  and  it  can  no  longer  be  said  of 
science,  that  she  has  done  but  little  to  increase  the  power,  diminish  the 
suffering,  or  augment  the  happiness  of  manlcind.  Her  language  may  not 
often  be  heard  here  in  our  midst,  yet  the  rustling  of  the  sillc,  or  the  set- 
ting of  the  diamond  might  have  been  less  valued  by  the  fashionable 
world,  but  that  science  had  added  lustre  to  the  fabric,  and  artistic  taste 
to  the  fretwork  that  holds  the  glittering  jewel.  Her  labors  may  be 
wanting  in  the  sentimental,  and  association  may  picture  the  scientist, 
as  the  sum  and  substance  of  ponderous  fact,  mingled  with  the  dry  and 
uninteresting  details  of  investigation.  But  the  wonders  in  heaven  al>ove, 
and  earth  beneath  disclosed  by  science  in  her  search;  our  daily  walk  amid 
the  poetry  of  her  teachings,  and  surrounded  by  the  material  develop- 
ments that  are  the  work  of  her  hands,  raise  life  beyond  the  plane  of 
animal  existence,  and  round  out  the  ftilness  and  completeness  of  man  as 
an  intellectual  being.  The  eye  of  science  has  penetrated  the  depths  of 
earth,  and  interprets  the  inscriptions  imprinted  by  nature  in  ages  past. 
Chemistry  Is  the  key  that  has  unlocked  many  a  mystery,  and  in  the  lineii 
of  a  89lar  spectrum  science  is  revealing  the  secrets  of  distant  worlds. 
The  Copernican  system  was  heretical  in  days  of  old,  but  the  telescope 
triumphantly  proved  its  truth,  and  its  deductions  are  a  guide  to  the 
mariner  on  the  pathless  ocean,  and  a  bond  through  commercial  inter- 
course, between  the  nations  of  the  earth.  It  was  a  spark  from  the  clouds, 
that  travelled  the  hempen  string  of  a  flying  kite.  **What  hath  God 
wrought,"  the  first  message  that  winged  its  fiight  over  the  electric  wire, 
was  the  response  of  science  in  after  years;  and  the  subtle  messenger 
flashes  over  earth  and  through  ocean,  strengthening  the  ties  of  peace  and 
amity,  and  promoting  the  unity  of  national  Interests.  Science  revises 
the  laws  of  acoustics,  and  the  wires  of  telephonic  communication  lengthen 
and  multiply.  Articulate  sound  flies  to  and  fro,  as  enquiry  is  made  and 
answer  returned  at  distant  terminal  points,  and  the  perfecting  of  such  a 
means  of  communication  is  one  of  the  problems  of  the  day.  Involving 
questions  for  future  consideration,  in  the  light  of  political  economy. 

Discovery  and  invention  go  hand  in  hand,  art  is  stimulated,  intelli- 
gence diffused,  and  the  developments  of  the  present  age  are  the  founda- 
tions of  a  structure  for  the  future  whose  portals  but  few  of  us  may  enter, 
and  of  the  wonders  that  shall  dwell  within,  we  may  have  but  a  limited 
conception. 
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The  realities  of  the  present  may  have  been  the  dreams  of  the  past,  and 
the  Saratoga  of  to-day  may  be  the  crystallization  of  many  a  former  pre- 
diction. Not  many  generations  since,  a  party  of  settlers  wended  their 
way  through  this  wooded  region,  seeking  under  the  rays  of  a  summer 
san,  and  in  the  silence  of  nature's  solitude,  the  same  healing  water  now 
obtained  by  the  multitude  who  come  hither,  whirled  through  space  by 
the  strides  of  science,  and  subjected  to  a  hotel  tariff  of  elastic  propor- 
tions. The  footfall  in  the  wilderness  is  now  the  rush  of  thousands  in 
the  advance  of  civilization,  and  the  restorative  draught  of  1767,  that 
bubbled  from  the  conical  top  of  the  High  Rock  Spring,  and  relieved  the 
infirmities  of  Sir  William  Johnson,  has  developed  a  wealth  of  remedial 
resource,  that  has  made  this  spot  famous  throughout  the  wide  world. 

The  member  from  the  Continental  Congress,  who  in  1792  discovered 
the  small  stream  issuing  from  the  creviced  rock  on  the  borders  of  a  nat- 
ural water  course  in  this  then  wild  region,  could  not  loretell  the  future 
of  his  research.  The  name  of  Congress  Spring  was  given  his  discovery 
in  view  of  the  superior  quality  of  the  newly  found  water,  and  in  honor  of 
the  august  body  of  which  be  was  a  member.  Its  virtues  may  have  been 
less  fluctuating  than  those  of  the  representative  body  from  which  it  de- 
rives its  name,  but  its  fame  has  been  identified  with  every  progressive 
step  in  the  history  of  our  village.  Art  has  subdued  the  ruggedness  of 
nature  and  the  fairy  scene  of  its  present  surroundings  forms  one  of  the 
most  attractive  spots  within  our  borders. 

Time  will  allow  me  to  make  but  a  passing  allusion  to  the  historic 
charms  that  centre  here,  and  the  important  position  given  to  this  locality 
in  the  thrilling  history  of  the  Revolution,  and  I  can  only  refer  you,  as  I 
point  to  the  gilts  of  nature  around  us,  to  the  gift  that  was  here  bequeathed 
by  the  patriot  arm,  as  the  heritage  we  now  eojoy,  and  the  national  blessing 
we  strive  to  maintain. 

Natural  mineral  waters,  whose  therapeutic  value,  proper  and  judicious 
use  has  established,  and  whose  restorative  qualities  none  can  doubt,  have 
attracted  thither  the  seeker  after  health.  Palatial  hotels  famed  far  and 
wide  for  the  elegance  of  their  appointments,  surpassed  by  no  similar 
structures  in  the  land,  and  abounding  in  comfort  for  the  outer  man,  and 
the  choicest  of  supply  for  the  inner,  invite  the  traveller  to  rest.  Wide 
and  shaded  streets,  attractive  drives,  elegant  and  tasty  dwellings,  and  a 
pure,  bracing  and  invigorating  air,  make  up  a  sum  of  attractions  such  as 
few  places  on  the  continent  can  offer.  The  bankers  of  sense  and  the 
buttertlies  of  folly  enjoy  the  summer  hours  as  taste  or  inclination  may 
dictate,  and  drink  at  the  healing  fountains,  to  invigorate  the  body  or 
remove  the  pangs  of  imprudent  Indulgence.  A  varied  nationality ;  wealth 
beauty  and  refinement;  the  representatives  of  every  grade  of  social  dis~ 
tinction  and  every  class  of  worldly  occupation  and  interest,  form  the 
cosmopolitan  character  of  our  summer  population. 

With  natural  and  social  advantages  unsurpassed,  with  our  increased 
facilities  for  entertainment,  and  the  varied  comforts  the  hand  of  man  can 
create  and  bestow,  Saratoga  is  becoming  a  centre  for  holding  assemblies 
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Similar  to  yoar  own.  The  representatives  of  the  political  interests  of 
the  country,  the  exponents  of  various  forms  of  religious  belief,  those 
who  seek  to  promote  the  highest  interests  of  man  as  a  social  being, 
specialists  in  various  branches  of  scientific  pursuit,  the  guardians  of 
finance,  the  powers  of  the  press,  and  the  able  judiciary  of  the  state,  have 
met  in  our  midst  and  been  entertained.  And  we  are  glad  to-day  to  extend 
a' cordial  welcome  to  these  representatives  of  progressive  Icnowledge,  who 
in  congress  assemble  to  promote  the  advance  of  science,  and  give  to  re- 
search in  her  various  departments  a  wider  scope,  and  more  zealous  pur- 
pose. 

And  now,  sir,  in  behalf  of  the  local  committee,  who  ha«re  sought,  as  far 
as  possible  to  provide  for  your  requirements,  and  in  behalf  of  the  resi- 
dents of  this  great  watering  place  of  America,  I  bid  science  welcome. 
And  when  your  labors  are  ended,  and  you  depart  hence,  I  trust  you  may 
find  your  place  of  assembly  was  well  chosen ;  and  though  science  may 
raise  her  voice  amid  the  pleasures  of  a  season  at  Saratoga,  that  your  de- 
liberations may  be  enhanced  by  such  association,  and  pleasant  remem- 
brance lead  your  footsteps  hither  on  some  similar  occasion  in  the  IViture. 

PuRSiDBNT  Barker  responded  in  the  following  words:— 
On  behalf  of  the  American  Association,  I  thank  you  sincerely  for  the 
kind  and  cordial  words  of  welcome  which  you  have  just  spoken.  Indeed, 
It  was  our  appreciation  of  these  very  advantages  which  you  have  so 
eloquently  claimed  for  Saratoga— advantages  of  location,  advantages  of 
entertainment,  and  advantages  of  historic  association  and  scientific 
possession— which  led  us  at  St.  Louis  to  select  this  as  our  present  place 
of  meeting.  We  came  here  lyithout  the  invitation  which  has  in  the  past 
usually  solicited  us.  Hence  we  expected  but  little  attention  and  desired 
to  hold  our  sessions  quietly,  to  read  and  discuss  our  papers  modestly  and 
to  depart.  But  we  have  been  gratified  to  find  that  quite  an  unexpected 
interest  has  been  awakened  in  our  meeting.  A  large  local  committee  has 
been  appointed,  composed  of  gentlemen  whose  names  upon  our  circular 
is  in  Itself  a  compliment.  They  stand  responsible  for  us  before  the  com- 
munity and  are  an  evidence  that  the  American  Association  for  the  Ad- 
vancement of  Science  does  not  want  for  friends  in  Saratoga.  Moreover, 
the  extent  and  variety  of  the  preparations  made  in  advance  of  our  coming 
reflect  great  credit  upon  those  who  have  had  most  to  do  with  the  ar- 
rangements for  the  meeting. 

The  American  Association,  as  its  name  Implies,  is  a  scientific  body. 
Using  the  word  science  in  its  widest  sense,  it  maintains  that,  while  much 
undetermined  material  may  and  must  be  collected  for  investigation,  only 
that  knowledge  which  has  become  actual  should  be  garnered  as  wheat. 
In  its  opinion,  it  is  the  more  or  less  crude  speculation,  rather  than  the- 
established  fact,  which  tends  to  brings  science  into  discredit.  In  ad- 
vancing into  an  unknown  country,  progress  must  undoubtedly  be  slow 
and  results,  for  a  time  at  least,  more  or  less  doubtAil,  until  the  ground 
has  been  roost  thoroughly  explored  and  the  relations  of  things  estab- 
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lished.  Then  the  antngonlsm  of  difltering^  views  and  the  cross- qnestioning 
of  opposing  opinion  soon  bring  the  troth  to  light  and  fix  it  as  an  integral 
part  of  science. 

Bat  our  Association  has  for  its  object  t6  advance  Icnowledge  not  only 
by  the  discovery  of  new  troth  but  also  by  the  diffusion  of  that  already 
known.  To  this  end,  it  extends  a  cordial  recognition  to  ail  organiza- 
tions of  whatever  sort,  whose  objects  are  akin  to  its  own.  Being  itself 
national  in  character — for  science  knows  no  country  and  no  section  of 
coontry— it  gives  its  endorsement  to  all  local  enterprises  which  are 
seeking  to  advance  science,  and  stands  ready  to  assist  them  in  any 
legitimate  way.  Whether  it  be  a  State  Geological  or  Topographical 
Survey,  an  Academy  of  Science,  an  Association  or  an  individual  seeking 
to  unravel  nature's  secrets,  the  American  Association  extends  to  each  of 
them  a  helping  hand  and  endorses  them  in  the  communities  where  they 
are  respectively  working.  Its  province  is  to  awaken  everywhere  an 
interest  in  pure  science;  or,  where  such  interest  has  already  been 
awakened,  to  develop  It  to  the  full.  It  invites  all  interested  in  science 
to  its  membership  and  opens  its  sessions  to  all  comers.  That  its  peri- 
odical and  migratory  meetings,  in  the  words  of  the  Constitution,  have 
actually  done  what  they  were  intended  to  do— have  promoted  intercourse 
between  those  who  are  cultivating  science  in  different  parts  of  America, 
have  given  a  stronger  and  more  general  impulse  and  a  more  systematic 
direction  to  scientific  research  and  have  procured  for  the  labors  of  scien- 
tific men  increased  facilities  and  a  wider  usefUluess,  no  one  who  has 
watched  its  history  can  doubt. 

There  is  a  recent  phase  of  the  scientific  method  which,  from  its  sug- 
gestiveness,  deserves  an  especial  mention.  In  all  ages,  theoretic  science 
has,  from  the  nature  of  the  case,  necessarily  preceded,  in  point  of  time, 
practical  science ;  the  discovery  of  the  fact  has  preceded  its  application 
to  nsefbl  purposes.  The  real  mother  of  invention  h:is  been  not  necessity, 
but  discovery.  The  telegraphic  invention  of  Morse  had  been  impossible 
except  for  the  scientific  principles  established  previously  by  the  de- 
fiagrator  of  Hare  and  the  electromagnet  of  Henry.  Investigation  has 
gathered  into  the  great  storehouse  of  truth  the  scientific  fact  which  has 
subsequently  been  made  the  basis  of  the  invention.  In  a  very  true  sense 
science  is  the  raw  material  out  of  which  all  the  useful  arts  have  been 
made. 

But  in  the  past,  the  discoverer  has  very  generally  been  Independent  of 
the  Inventor.  Rarely  has  the  faculty  for  research  been  successfblly  com- 
bined with  the  Inventive  faculty  In  the  same  individual.  The  reasons  for 
this  are  not  difficult  to  conjecture.  In  the  first  place,  the  discoverer  is 
a  man  of  theory,  the  Inventor  a  man  of  practice.  Hence  the  quality  of 
mind  belonging  to  the  two  men  Is  radically  different.  The  former  values 
truth  the  more  highly  for  its  own  sake,  the  latter  because  it  is  capable 
of  usefdl  application.  Again  the  Incentive  In  the  two  cases  Is  of  an  en- 
tirely different  sort.  It  will  not  be  denied  that  it  Is  the  promise  of  pe- 
ennlary  reward  which  leads  to  the  Invention;  nor,  on  the  other  hand, 
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that  it  is  an  overmastering  desire  to  attain  new  truth,  leading  to  the  la- 
borious and  painstaiiing  research,  undertaken  perchance  at  serious  sacri- 
fice of  wealth  and  comfort,  which  results  in  the  adyancement  of  theoretic 
science.  Moreover,  the  training  of  the  practical  man  has  been,  in  gen- 
eral, of  a  widely  different  type  from  that  which  has  produced  the  theorbt. 

Within  the  past  few  years,  however,  observant  men  have  noticed  a 
change  In  this  condition  of  things,  and  many  conspicuous  examples  have 
arisen  of  highly  successfbl  inventors  who  are  also  investigators  of  a  very 
high  order.  Perhaps  invention  has  become  impatient  at  the  slow  march 
of  scientific  discovery  and  has  itself  entered  upon  the  stage  in  the  r61e 
of  discoverer.  But  however  that  may  be,  it  is  quite  certain  that  no 
single  feature  of  scientific  method  more  distinctly  characterizes  our 
modern  science,  than  the  fact  now  adverted  to.  Indeed  in  those  di- 
rections in  which  practical  application  has  made  the  longest  strides,  the 
inventor  is  far  in  advance  of  the  discoverer  even  in  pure  science.  The 
great  electrical  discoveries,  for  example,  which  are  the  wonder  of  the 
century,  were  born  of  telegraphic  necessities.  In  chemistry  there  are 
men  in  the  foremost  ranis  of  discovery  who  make  the  practice  of  the 
chemical  arts  their  profession.  In  mechanics,  heat,  optics,  the  practical 
man  has  to  utilize  truths  which  he  himself  has  discovered  and  to  apply 
laws  which  he  has  established.  The  time  was  when  the  theorist  could 
solace  himself  with  the  conviction  that  he  alone  was  the  discoverer; 
when  lie  could  associate  himself  with  a  circle  of  other  like-minded  iu- 
dividuals  to  constitute  an  exclusive  fraternity.  But  this  time  has  now 
passed  away.  The  man  of  science  is  he  who  applies  truth  successfully, 
equally  with  him  who  discovers  it.  This  new  phase  of  scientific  method 
it  is  which  the  organization  of  the  American  Association  is  well  adapted 
to  meet.  The  originator  and  the  applier  of  discovery  are  alike  welcome 
to  its  membership.  And  if  so  be  that  the  investigator  becomes  an  in- 
ventor, or  perchance  the  inventor  turns  his  attention  to  research  and 
enriches  the  world  of  knowledge,  he  contributes  none  the  less  to  the 
advancement  of  science  and  so  worthily  honors  his  connection  with  us. 

In  what  has  now  been  said,  It  Is  obvious  that  reference  has  been  hod 
only  to  those  departments  of  investigation  whose  results  have  a  more  or 
less  immediate  practical  application  of  pecuniary  importance.  By  far 
the  larger  mass  of  scientific  knowledge,  however,  has  no  such  secondary 
importance.  Its  value  is  intrinsic,  primary.  It  is  to  be  treasured  be- 
cause it  is  a  part  of  the  great  ocean  of  truth.  It  is  for  this  reason, 
doubtless,  that  the  investigating  faculty  in  man  has  usually  been  as- 
signed a  higher  place  in  his  mental  composition,  than  the  inventive 
faculty.  The  motive  to  investigation  is  a  more  purely  unselfish  one,  the 
map  being  urged  on  in  his  research  from  his  devotion  to  the  truth  alone. 
Men  of  such  a  stamp  seem  to  live  on  a  higher  plane.  They  toil  on, 
swerving  not  a  hair  from  their  self-imposed  task.  They  have  no  time  to 
make  money.  They  patiently  and  laboriously  carry  on  their  investi- 
gations, resolutely  denying  themselves  the  good  things  of  this  life,  the 
attainment  of  the  truth  being  their  only  reward.    Such  men  are  heroes. 
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They  are  more  worthy  of  their  generation  than  the  conqueror  of  a 
thousand  battles.  While  then  we  honor  original  research  and  accord  to 
it  this  high  position,  let  as  be  just  and  impartial  in  our  dealings.  Let  us 
recognize  the  equal  merit  of  the  original  inyestlgator  who  applies  his 
discoveries  for  the  benefit  of  mankind,  with  him  who  gathers  the  fruits 
of  his  labors  into  the  great  treasure-house  of  knowledge  solely  to  in- 
crease the  stock  of  truth. 

In  the  light  of  this  discussion,  it  will  be  seen  that  the  facts  stated  by 
no  means  diminish,  but  very  materially  increase  the  necessity  of  en- 
couraging original  research.  They  show  that  in  the  exact  proportion 
in  which  research  is  fostered  and  supported  will  be  the  resulting  wealth 
which  flows  from  the  invention.  They  make  it  clear  that  poverty  in  the 
one  means  poverty  in  the  other.  Men  appreciate  at  once  the  invention 
because  of  its  money  value  which  enriches  their  pockets.  But  it  is  ob- 
vious that  the  discovery  of  a  new  fact,  which  may  have  many  and  Im- 
portant applications,  is  of  vastly  more  importance  to  the  world,  than  is 
any  single  application  of  the  fact  to  usefVil  purposes.  It  follows  there- 
fore as  a  natural  Inference,  that  the  only  true  mode  of  increasing  the 
wealth  of  remunerative  invention  is  the  recognition  and  endowment  of 
original  research. 

Here  In  Saratoga,  most  fortunately,  we  are  furnished  with  excellent 
illustrative  examples  of  the  truths  we  are  considering.  Who  can  es- 
timate the  pecuniary  advantages  which  have  come  firom  these  mineral 
springs?  And  yet  It  is  chemical  research  which  has  patiently  gathered 
together  the  analytical  data  by  means  of  which  our  fellow  member.  Pro- 
fessor Chandler,  has  been  able  to  analyze  and  classify  the  waters  of  these 
springs  and  thus  largely  to  enhance  their  value.  Other  excellent  ex- 
amples of  the  value  of  applied  science  are  found  In  your  State  Surveys, 
both  Geological  and  Topographical.  The  former  of  these,  originated 
more  than  forty  years  ago  and  carried  uninterruptedly  forward  to  the 
present  by  our  distinguished  past  President,  Professor  James  Hall,  has 
accomplished  a  work  of  Incomparable  value  not  to  the  State  of  New 
York  alone,  but  to  American  Geology,  since  the  order  of  succession 
which  it  established  has  been  accepted  as  typical  of  the  continent.  Its 
publications  indicate  the  work  the  Survey  has  done,  and  are  an  enduring 
monument  to  the  value  of  scientific  investigation.  Twenty-three  quarto 
volumes,  extensively  illustrated,  have  already  been  published  upon  the 
Botany,  Zoology,  Mineralogy,  Agriculture,  Geology  and  Paleontology 
of  this  state.  Four  volumes  of  the  PalsBontology  have  been  completed 
and  a  fifth  of  over  one  hundred  plates  Is  nearly  printed.  The  plates  for 
a  second  part  of  this  volume  are  already  lithographed.  Of  the  Corals 
and  Bi70zoa  which  will  complete  It,  drawings  are  already  made  for  150 
plates,  and  twenty-five  of  these  are  lithographed.  When  complete  it 
will  be  the  most  extensive  work  ever  Issued  upon  Fossil  Corals.  The 
collections  of  this  Survey,  deposited  In  the  State  Museum  of  Natural 
History,  ftirnlsh  material  for  valuable  annual  reports  containing  the  re- 
sults of  scientific  Investigation.    The  contributions  to  our  knowledge  of 
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the  Fungi  published  in  this  way  are  among  the  most  valuable  in  America. 
To  a  scientific  work  of  this  magnitude  and  excellence,  the  Association 
cannot  but  give  its  heartiest  endorsement;  expressing,  in  doing  so,  the 
hope  that  the  splendid  collection  which  the  Survey  has  gathered  at  Albany 
may  be  preserved  intact  in  the  Museum  there,  for  the  study  of  generations 
yet  to  come. 

The  Topographical  Survey  of  the  State  of  New  York,  though  only  or- 
ganized in  1876,  already  gives  promise,  under  Its  efficient  Director,  our 
fellow  member,  Mr.  James  T.  Gardner,  of  great  scientific  usefhlness. 
Under  the  plan  proposed  by  him  for  the  Trigonometrical  Survey,  the 
principal  belt  of  primary  triangles  Is  to  cross  the  state  In  the  latitude  of 
the  Mohawk  river.  It  is  already  about  half  completed.  'i*he  secondary 
and  tertiary  trlangulation  has  been  carried  Into  about  one- third  of  the 
counties  of  the  state.  Deeply  set  granite  posts  mark  the  points  fixed 
by  the  Survey.  Where  land  Is  most  valuable,  these  posts  are  not  more 
than  a  mile  apart.  Such  monuments  form  a  system  of  imperishable  land- 
marks to  which  all  local  surveys  will  hereafter  be  referred.  In  addltlcA 
to  this  work,  the  Survey  has  determined  the  geographical  position  of 
between  three  and  four  hundred  places,  among  which  are  some  of  the 
principal  cities  of  the  state.  The  maps  in  use  at  present  have  been 
found  totally  Incorrect,  the  cities  and  towns  In  them  being  misplaced 
from  one  to  three  miles  In  latitude  or  longitude.  The  triangulatiou  has 
been  executed  with  great  precision  and  the  work  has  progressed  with 
rapidity  and  economy.  It  Is  earnestly  to  be  hoped  that  topographical 
work  may  soon  be  begun,  as  not  even  a  rude  topographical  map  of  the 
state  of  New  York  at  present  exists.  Such  a  Survey  as  this  must  com- 
mend Itself  to  every  one  as  Invaluable.  I  am  sure  I  express  the  unani- 
mous feeling  of  the  Association  when  I  cordially  endorse  the  excellent 
arrangements  already  made,  and  express  the  high  appreciation  I  have  of 
the  fidelity  and  accuracy  with  which  the  work  already  done  has  been 
accomplished. 

Fellow  members  of  the  Association:  — 

I  trust  you  will  pardon  me  for  detaining  you  so  long  ft-om  the  work 
which  you  have  come  here  to  perform.  The  large  number  of  members 
who  have  already  arrived;  the  many  and  valuable  papers  whose  titles 
have  been  entered ;  the  cordiality  of  our  reception  and  the  pleasantness 
of  our  surroundings, — all  give  promise  of  a  large  and  satisfactory  meeting. 
With  your  kind  assistance,  I  shall  hope  to  discharge  the  duties  which,  as 
your  presiding  officer,  you  have  assigned  to  me,  with  a  reasonable  measure 
of  success.  It  now  only  remains  for  me  officially  to  declare  the  twenty- 
ghth  meeting  of  the  American  Association  for  the  Advancement  of 
Science  formally  opened. 

Dr.  Gboroe  Little  of  Atlanta,  the  General  Secretary  elect,  not  having 
arrived,  Dr.  H.  Carrington  Bolton  of  Hartford,  General  Secretaiy  of 
the  preceding  meeting,  was  continued  In  the  office  pro  tern. 
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The  Grnbral  Secrrtart  announced  the  arrangements  made  by  the 
Local  and  Standing  Committees  with  reference  to  the  places  of  meeting 
for  the  Sections  and  Sahsectlons  of  the  Association. 

The  recommendation  of  the  Standing  Committer  that  the  daily  ses- 
sions should  commence  at  10  a.  m.  and  continue  until  8  p.  m.  with  a 
recess  at  noon,  at  the  discretion  of  the  several  Sections,  was  adopted. 

The  Association  then  proceeded  to  the  election  by  ballot  of  six  Fellows 
for  members  of  the  Standing  Committee ;  Profs.  A.  R.  Leeds  and  Maurice* 
Perkins  being  appointed  tellers,  the  vote  was  taken,  and  they  reported  the 
following  gentlemen  elected,  from  the  eleven  nominees : — 

Prof.  Charles  A.  Young,  of  Princeton. 

Mr.  Samuel  H.  Scudder,  of  Cambridge. 

Prof.  Henry  Morton,  of  Hoboken. 

Prof.  WiLUAM  Harkness,  of  Washington. 

Prof.  Frank  W.  Clarke,  of  Cincinnati. 

Dr.  John  6.  Morris,  of  Baltimore. 
The  General  Secretary  read  the  names  of  one  hundred  and  twenty 
persons  recommended  to  membership  by  the  Standing  Committee ,  and 
they  were  unanimously  elected. 

The  General  Secretary  read  the  following  brief  notices  of  deceased 
members : — 

John  Boadle,  of  Haddonfleld,  N.  J.,  died  in  July,  1878,  in  his  74th  year. 
He  Joined  the  Association  at  the  20th  meeting. 

Prof.  Mordecai  Yarnall,  of  the  Washington  Naval  Observatory,  died 
January  27,  1879,  at  the  age  of  62.  He  joined  the  Association  at  the  26th 
meeting. 

Mrs.  Elizabeth  EsfERSON  Atwater,  of  Buffalo,  N.  Y.,  died  April  11, 

1878,  in  the  66th  year  of  her  age.    She  joined  the  Association  at  the  17th 
meeting. 

Mrs  F.  W.  Putnam,  of  Cambridge,  Mass.,  died  March  10,  1879,  in  her 
40th  year.    She  joined  the  Association  at  the  19th  meeting. 
Rev.  Charles  H.  Brigham  of  Ann  Arbor,  Mich.,  died  in  February, 

1879,  aged  59  years.    He  joined  the  Association  at  the  17th  meeting. 

Mr.  Frederick  A.  Cairns,  Instructor  in  Analytical  Chemistry,  School 
of  Mines,  Columbia  College,  New  York,  died  in  the  Spring  of  1879.  He 
joined  the  Association  at  the  27th  meeting. 

President  Barker  announced  that  the  Standing  Committee  at  the  pre- 
ceding meeting  of  the  Association  recommended  an  amendment  to  Article 
85  of  the  Constitution,  and  a  year  having  elapsed  the  time  had  arrived 
for  taking  a  vote  on  the  proposed  amendment.  The  object  of  the  altera- 
tion is  to  entitle  Life  Members  to  receive  the  annual  volumes  of  the 
Proceedings  without  ftirther  assessments.  The  Article  with  the  proposed 
amendment  is  as  follows : 

**  Any  member  or  fellow  who  shall  pay  the  sum  of  fifty  dollars  to  the 
Association  at  any  one  time  shall  become  a  Life  Member,  and  as  such 


Digitized  by  VjOOQ IC 


550  EXEcrrriVE  proceedinos. 

shall  be  exempt  trom  all  farther  assessments  and  shall  be  entitled  to  the 
Proceedings  of  the  Association.  All  money  thas  received  shall  be  in« 
Tested  as  a  permanent  Aind,  the  income  of  which  shall  be  nsed  only  to 
assist  in  original  research  unless  otherwise  directed  by  unanimoas  vote 
of  the  Standing  Committee." 

After  brief  discussion,  a  rising  vote  was  taken  and  more  than  three- 
fourths  of  the  members  voted  affirmatively;  the  President  accordingly 
announced  the  adoption  of  the  amendment. 

Dr.  H.  Carrikqton  Boltok  expressed  his  satisfaction  at  the  change 
in  the  Constitution  and  requested  the  Permanent  Secretary  to  add  his 
name  to  the  list  of  Life  Members  of  the  Association. 

Thereupon  the  following  gentlemen  requested  their  names  be  added  to 
the  list  of  Life  Members :  — 

General  William  Lilly; 
Mr.  P.  W.  Shkafek. 
Dr.  P.  O.  Williams. 
Mr.  S.  H.  ScuDDKR. 
Prof.  C.  V.  Riley. 
Mr.  Thomas  Bassnrtt. 
The  Association  then  adjourned  to  meet  in  Sections. 

Section  A  met  in  the  "Trustees'  Room,"  Town  Hall,  and  was  called  to 
order  by  the  Vice  President  Prof.  S.  P.  Lanoley  of  Allegheny ;  the  Sec- 
retary Prof.  John  K.  Rkbs  being  In  attendance.  The  following  gentlemen 
were  elected  members  of  the  Sectional  Committee : — 

Prof.  A.  W.  Wright,  of  New  Haven. 

Prof.  John  Trowbridge,  of  Cambridge. 

Prof.  W.  A.  Rogers,  of  Cambridge. 

Section  B  met  in  the  large  hall  of  the  Town  Hall  and  was  called  to 
order  by  Vice  President  Major  J.  W.  Powell. 

In  the  absence  of  the  Secretary  elect,  Prof.  A.  G.  Wrtherby,  of  Cincin- 
nati, Capt.  W.  H.  Dall,  of  Washington,  was  elected  Secretary  of  the  Sec- 
tion. 

The  following  gentlemen  were  elected  members  of  the  Sectional  Com- 
mittee : — 

Prof.  C.  H.  Hitchcock,  of  Hanover. 

Prof.  J.  M.  Safford,  of  Nashville. 
Mr.  WiLUAM  Sal^nders,  of  London. 

The  Permanent  Subsection  C  met  in  the  smaller  room,  Town  Hall,  and 
was  called  to  order  by  Prof.  F.  W.  Clarke,  of  Cincinnati,  who  stated  that 
the  Chairman  elect,  Prof.  Ira  Remsen,  of  Baltimore,  was  unable  to  be 
present. 

On  motion,  it  was  voted  that  Prof.  F.  W.  Clarke,  the  Chairman  of  the 
preceding  meeting,  be  continued  In  office. 

Prof.  William  Ripley  Nichols,  of  Boston,  was  elected  Secretary  and 
the  Section  acUourned. 
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Members  of  the  Permanent  Suhsection  D,  by  reason  of  the  small  at- 
tendance, met  with  Section  A. 

Thursday,  August  2%th,  The  Second  Day's  Session  was  opened  in  the 
Town  Hall  at  10.30  a.  m.,  President  Barkkr  in  the  Chair. 

The  recommendation  of  the  Standing  Committek  that  Sections  A  and 
B  exchange  rooms  for  the  day  was  adopted. 

Owing  to  the  non- arrival  of  Dr.  Grokgk  Little,  the  General  Secretary 
elect,  the  Standing  Committee  recommended  to  the  Association  that  the 
vacancy  be  filled  by  Dr.  H.  Carrinoton  Bolton.  The  recommendation 
was  adopted  and  Dr.  Bolton  was  elected  General  Secretary. 

The  General  Secretary  announced  that  the  Permanent  Subsection 
C  would  postpone  meeting  until  after  the  noon  recess,  in  order  to  give 
members  an  opportunity  of  hearing  the  Address  of  the  Chairman  Dr. 
Ira  Rkmsen,  which  would  be  read  before  Sections  A  and  C  in  joint  session. 

The  General  Secretary  read  the  following  telegram,  which  was  re- 
ceived by  the  Association  with  lively  expressions  of  satisfaction. 

New  York,  August  27,  1879. 
F.  W.  Putnam, 

Secretary  A.  A.  A.  S. 
I  regret  that  I  cannot  attend  your  meeting  this  year,  imperative  duties 
preventing.  Dr.  Green,  our  President,  hereby  extends  to  the  members  of 
the  Association  the  free  use  of  the  Western  Union  wires  for  the  trans- 
mission of  family,  social,  and  scientific  messages  during  your  session. 
I  trust  that  the  meeting  may  be  fraught  with  progressive  information  and 
personal  enjoyment. 

The  recommendation  of  the  Standing  Committee,  that  the  Permanent 
Secretary  be  requested  to  return  thanks  to  Mr.  Somerville  for  his  cour- 
tesy, was  unanimously  adopted. 

The  General  Secretary  presented  the  following  letter  from  Mr.  J.  P. 
Haskins. 

To  the  Executive  Committee  of  the  A.  A.  A.  S. 

The  undersigned  would  respectfully  ask  you  to  announce,  that  he  has 
an  extensive  collection  of  minerals,  fossils  and  antiquities  collected  In 
the  vicinity  of  Saratoga  Springs,  which  is  open  for  examination  to  those 
interested  in  these  subjects,  and  he  cordially  invites  those  who  might 
desire  information  upon  the  local  geology  on  the  localities  of  this  vi- 
cinity to  call  and  examine  the  same. 

The  collection  will  be  found  at  Nos.  551  and  658  North  Broadway. 

Respectftilly,  J.  P.  Haskins. 

Mr.  S.  H.  ScuDDER  read  a  "Notice  of  a  Catalogue  of  Scientific  Serials." 
President  Barker  made  complimentary  remarks  on  the  same. 
The  names  of  thirty-five  persons  recommended  to  membership  by  the 
Standing  Committee  were  read,  and  the  persons  were  elected. 
President  Barker  announced  that  the  Address  of  the  Retiring  Presl- 
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dent,  Prof.  0.  C.  Marsh,  would  be  delivered  on  the  eTening  of  ThnrsdAj, 
and  the  Addresses  of  Vice  Presidents  S.  P.  Langlky  and  J.  W.  Powbll, 
on  Friday  evening. 
The  General  Session  then  adjourned  to  meet  in  Sections. 

At  8  p.  M.,  the  Address  of  the  Retiring  President,  Prof.  O.  C.  Marsh  of 
New  Haven,  was  delivered  before  the  Association  in  General  Session  at 
the  Town  Hall. 

Friday,  AuguH  2^th,  The  Third  Day's  Session  was  opened  at  10.80 
A.  M.,  President  Barker  in  the  Chair. 

President  Barkicr  requested  the  members  of  Sections  A  and  B  to  choose 
their  respective  Nominating  Committees  at  their  meetings  to-day. 

Eighteen  persons,  recommended  to  membership  by  the  Standing  Com- 
mittee, were  nnanimoosly  elected. 

The  GicNBRAL  Secrbtary  made  the  following  announcements : — 

Newly  elected  and  newly  arrived  members  are  requested  to  register 
their  names  and  receive  their  certificates  at  the  Office  of  the  Permanent 
Secretary,  room  14  in  the  Town  Hall. 

The  Entomological  Club  of  the  Association  will  meet  at  4  p.  m.,  in  the 
room  of  Section  A. 

The  Permanent  Secretary  called  attention  to  the  rules  requiring  that 
every  paper,  or  an  abstract  of  it,  roust  be  sent  to  the  Standing  Com- 
roittee  through  the  Permanent  Secretary,  before  the  title  can  be  trans- 
mitted to  the  Sectional  Committee.  He  also  called  for  abstracts  of 
certain  papers. 

Mr.  W.  H.  H.  Russell  of  St.  Louis  presented  the  following  resolu- 
tions : — 

**  Whereas,  The  people  of  California  are  noted  the  world  over  for  their 
genial  hospitality  and  marked  spirit  of  enterprise.  Therefore  be  U  Be- 
solved,  That  when  this  Association  adjourns,  it  adjourns  to  meet  In  the 
City  of  San  Francisco  on  the  15th  day  of  August,  A.  D.,  1880. 

**  Besolved,  That  the  special  enquiry  in  yesterday's  Sarcttogian  upon 
the  subject  matter  as  to  the  best  mode  of  preserving  the  Florida  Orange 
be  referred  to  the  distinguished  Vice  President  of  Section  B,  with  the 
request  that  he  report  at  this  meeting  upon  the  important  enquiry  as  to 
the  best  mode  for  preserving  North  American  Oranges." 

Both  resolutions  were  referred  to  the  Standing  Cororoittee. 

President  Barker  announced  the  several  assembly  rooms  assigned  for 
the  day  to  the  Sections  and  Subsections. 

Prof.  Simon  Newcomb  introduced  to  the  Association  Prof.  Otto  Struvb, 
Director  of  the  Imperial  Observatory  at  Pulkowa,  Russia,  who  was  re- 
ceived with  cordial  applause. 

Prof.  Otto  Struvb  addressed  the  audience  and  expressed  his  thanks  for 
the  courteous  welcome  extended  to  him.  He  stated  that  the  Emperor  of 
Russia  desired  to  provide  the  Pulkowa  Observatory  with  the  finest  tele- 
scope that  could  be  road^,  and  after  visiting  all  the  establishments  in  Europe, 
Prof.  Struve  concluded  he  must  com^  to  the  United  States  to  get  the 
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best  instrnmeot.  The  high  reputation  of  the  Instrament-makers  of 
Cambridge,  Alvan  Clark  &  Son,  who  made  the  great  refractor  at  Wash- 
ington, was  well  known  to  him,  and  he  was  happy  to  state  that  they  had 
agreed  to  supply  his  want,  and  woald  make  the  lens  for  the  largest  re- 
fracting  telescope  in  the  world.  Prof.  Strnve  expressed  his  pleasure  at 
the  opportunity  of  attending  the  meeting  of  the  Association  and  his 
appreciation  of  the  honor  pi^d  him. 

President  Barker  then  welcomed  Prof.  Struye  in  a  felicitous  speech. 

The  meeting  adjourned  to  meet  in  Sections. 

In  Section  A  the  following  gentlemen  were  elected  members  of  the 
Nominating  Committee  :— 

Mr.  W.  H.  PuLSiFBR,  of  St.  Louis. 
Prof.  J.  R.  Eastman,  of  Washington. 
Prof.  John  Trowbridge,  of  Cambridge. 
Mr.  P.  W.  Shbafbr,  of  Pottsville. 

In  Section  B  the  following  gentlemen  were  chosen  members  of  the 
Nominating  Committee  :— 

Prof.  S.  S.  Haldbman,  of  Chickies. 
Prof.  C.  H.  Hitchcock,  of  Hanover. 
Key.  Dr.  £.  A.  Dalrtmplk,  of  Baltimore. 
Prof.  W.  C.  Kerr,  of  Raleigh. 

Subsection  E,  Anthropology y  organized  by  electing  Dr.  Daniel  Wilson 
of  Toronto,  Chairman,  and  Mr.  J.  G.  Henderson,  of  Winchester,  Sec- 
rttary. 

At  8  p.  M.,  the  Addresses  of  Vice  Presidents  S.  P.  Lanoijet  and  J.  W. 
Powell  were  delivered  in  General  Session  at  the  Town  Hall. 

Saturday t  August  30th.  The  Fourth  Day's  Session  was  called  to  order 
at  10.80  A.  M.,  President  Barker  in  the  Chair. 

President  Barker  announced  that  vacancies  having  occurred  in  the 

Special  Committebs,  the  Standing  Committee  recommended  that  these 

.  vacancies  be  filled  by  the  appointment  of  the  following  gentlemen,  viz. :— 

Prof.  Jno.  Trowbridge  of  Cambridge,  and  Prof.  Alfred  M.  Mater  of 
Hoboken,  to  fill  two  vacancies  in  the  Permanent  Committee  on  Weights, 
Measures  and  Coinage." 

Mr.  James  T.  Gardner  of  Albany  to  fill  the  vacancy  in  the  **  Committee 
to  memorialize  the  Legislature  of  New  York  for  a  New  Survey  of  Ni- 
agara Falls." 

The  recommendation  was  adopted  and  the  vacancies  filled  as  stated. 

The  General  Secretary  read  the  following  notice  :— 

In  this  room,  soon  after  8  o'clock  this  afternoon.  Prof.  Wilder  will  per- 
form some  experiments  upon  an  etherized  cat  by  electrical  irritation  of 
the  brain  and  nerves.    Persons  interested  are  invited  to  attend. 

Eighteen  persons  recommended  for  membership  by  the  Standing  Com- 
mittee were  elected. 

The  General  Session  then  a4}ourned  to  meet  in  Sections. 
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At  8  P.  M.,  a  General  Session  was  held  in  the  Town  Hall.  President 
Barker,  being  in  the  Chair,  introduced  Dr.  Thomas  A.  Edison  of  Menio 
Parle,  and  after  a  rapid  sketch  of  the  discovery  and  the  development  of 
the  telephone  in  its  various  forms,  announced  Dr.  £dison*s  paper  on  the 
Electro-chemical  Telephone. 

Dr.  Edison  illustrated  his  remarks  by  sketches  on  the  blackboard. 

Experimental  Illustrations  of  the  Electro-chemical  Telephone  were 
then  given  by  Dr.  Edison  assisted  by  Dr.  Barker. 

Adjourned. 

Monday,  September  Ut,  The  Association  met  in  the  "  Armory "  on  the 
third  floor  of  the  Town  Hall  at  10.16  a.  m.    President  Barkrr  in  the  Chnir. 

Reports  of  Special  Committees  being  called  for,  the  General  Srcretart 
stated  that  the  Committees  (No.  1)  on  Weis^hts,  Measures  and  Colnsge, 
(No.  2)  to  memorialize  the  Legislature  of  New  York  for  a  New  Survey 
of  Niagara  Falls,  and  (No.  8)  to  memorialize  Congress  and  State  Legis- 
latures regarding  the  Cultivation  of  Timber  and  the  Preservation  of  For- 
ests, had  not  presented  reports.  On  motion,  the  Association  voted  to 
continue  each  of  these  committees. 

The  Report  of  the  Committee  (No.  4)  on  International  Congress  of  Ge- 
ologists being  called  for,  Prof.  Jambs  Hall,  chairman,  presented  the  fol- 
lowing statement. 

At  the  Nashville  meeting,  in  1877,  the  committee  reported  that  since 
its  organization  in  BufTalo  in  1876,  its  labors  had  resulted  in  arranging 
with  the  Geological  Society  of  France  for  an  International  Congress  of 
Geologists  in  Paris,  in  August,  1878.  The  Congress  met  on  August  29,  and 
six  sittings  were  held.  The  whole  number  of  members  enrolled  was  828, 
of  whom  about  250  were  in  attendance.  American  geology  was  represented 
at  the  congress  by  J.  P.  Lesley,  T.  Sterry  Hunt,  James  Hall,  George  H. 
Cooke,  W.  P.  Blake,  E.  D.  Cope  and  T.  C.  Chamberlin.  Canada,  Spain, 
Portugal,  Italy,  Switzerland,  Belgium,  Holland,  Denmark,  Norway,  Sweden, 
Russia,  Austro-Hungary  and  Roumania  were  represented,  but  neither  Eng- 
land nor  Germany.  Forty  papers  were  communicated,  covering  a  wide 
range  of  subjects,  and  often  giving  rise  to  important  discussion.  The 
proceedings  are  soon  to  be  published,  at  the  expense  of  the  French  Gov- 
ernment. 

It  was  decided  that  the  second  session  of  the  International  Congress 
should  be  held  at  Bologna,  Italy,  in  1881,  under  the  honorary  presidency 
of  President  Sella,  of  the  Academla  del  Lincei.  of  Rome.  A  local  com- 
mittee of  Italian  geologists  was  named,  and  have  issued  a  circular.  The 
Congress  will  be  opened  September  29,  1881.  The  principal  subjects  pro- 
posed for  consideration  are  comprised  under  two  groups,  and  for  each  of 
these  an  international  committee  was  named  by  the  Congress  of  Paris. 
The  first  of  these  is  to  consider  the  question  of  geological  maps,  and  the 
arrangement  of  a  common  system  of  signs  and  colors— the  ^^uniflcationdes 
figures  gkologiques,**  The  second  Is  for  the  unification  of  geological  no- 
menclature, under  which  head,  as  interpreted  by  the  Congress,  will  be 
considered  all  questions  relating  to  geological  classification,  as  well  as 
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to  the  value  and  significance  of  mineraloglcal,  lithologlcal  and  palseon- 
tologlcal  characters,  thus  embracing  many  of  the  most  important  prob- 
lems of  geology.  In  naming  these,  so  far  as  possible,  one  member  was 
appointed  for  each  country,  whose  duty  it  shall  be  to  organize  therein 
local  committees,  and  to  communicate  both  with  the  Secretary  of  the 
Council  of  the  Paris  Congress  (of  which  the  powers  are  continued  until 
the  meeting  In  1881),  and  with  the  local  committees  at  Bologna. 

For  the  Committee  on  Maps  the  American  members  are  Professor 
Lesley  for  the  United  States  and  Professor  Selwyn  for  Canada,  and  for 
that  on  Geographical  Nomenclature,  Professor  James  Hall  for  the  United 
States  and  Professor  T.  Sterry  Hunt  for  Canada.  Active  preparations 
are  already  made  In  Great  Britain  and  Germany  for  representation  at  the 
Bologna  Congress. 

In  view  of  the  fact  that  the  work  of  an  International  Geological  Con- 
gress was  Initiated  by  this  association,  and  that  It  promises  to  become  of 
permanent  and  increasing  importance,  it  is  believed  that  It  will  be  for 
the  best  Interests  of  geological  science  that  this  committee  be  continued, 
with  power  to  add  to  its  number;  and,  fhrtlier,  that  its  scope  may  with 
advantage  be  extended  to  include  the  consideration  of  such  questions  re- 
lating to  State  or  National  geological  surveys  as  may  from  time  to  time 
arise. 

On  motion  of  Major  Powell  the  Report  was  accepted  and  the  recom- 
mendation of  the  committee  was  adopted. 

Dr.  T.  Stkrry  Hunt 

Moved^  That  Inasmuch  as  the  European  members  of  this  committee  will 
henceforth  be  engaged  as  members  of  local  committees  for  the  coming 
session  of  the  Congress  in  their  respective  countries,  their  names  be 
dropped  from  the  present  committee. 

Adopted. 

Voted^  That  committee  (No.  5)  to  Memorialize  Congress  in  relation 
to  the  Yellowstone  National  Park  be  continued. 

Voted^  That  committee  (No.  6)  on  the  Introduction  of  Science  into 
the  Schools  be  discharged,  and  that  a  Committee  on  Science  Teaching  In 
Public  Schools  be  constituted,  consisting  of:— 

Dr.  E.  L.  YouMANs,  of  New  York. 
Prof.  Aug.  K.  Grote,  of  Buffalo. 
Major  J.  W.  Powell,  of  Washington. 
Prof.  N.  S.  Sraler,  of  Cambridge. 
Dr.  J.  S.  Newberry,  of  New  York. 

Dr.  E.  L.  YouMANS  then  read  the  following  paper  by  James  Samuelson, 
President  of  the  Liverpool  Science  and  Art  Classes,  on  tho  Operations  of 
the  Science  and  Art  Department  of  the  Privy  Council  of  Great  Britain : — 

As  It  appears  to  me,  during  the  short  tour  which  I  am  making  through 
the  United  States,  to  be  a  wide  field  for  the  diffusion  of  scientific  knowl- 
edge, both  practical  and  theoretical,  among  the  industrious  classes  of 
this  country,  I  venture  to  lay  before  your  Association  a  brief  notice  of 
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the  operations  of  our  science  and  art  department,  so  far  as  science 
teaching  is  concerned.  And  my  right  to  do  so  is  based  on  the  fact  that 
I  haye  not  only  founded  three  or  four  science  schools,  bat  that  I  have 
actively  promoted  the  leading  objects  of  the  department  almost  fh>m  its 
foundation,  and  am  therefore  intimately  acquainted  with  the  objects  and 
working  of  the  system. 

The  Science  and  Art  Department  of  our  Committee  of  the  Privy  Couni> 
cil  on  Education  was  founded  by  an  **  order  in  Council,"  February  26, 18l»6, 
under  the  provisions  of  an  act  of  Parliament.  The  object  of  the  de- 
partment is  to  promote  science  instruction  chiefly  among  the  industrial 
classes,  and  the  means  employed  are : 

I.  Payments  to  teachers  on  results  shown  by  the  annual  May  examina- 
tions. These  examinations  are  conducted  simultaneously  all  over  the 
three  kingdoms  by  printed  papers  prepared  by  the  examiners,  who  are 
selected  from  our  leading  scientific  men. 

II.  Queen's  prizes,  being  scientific  books  selected  by  the  successful 
students  from  a  catalogue  sent  down  by  the  Department ;  also  gold  and 
silver  medals  (competitive),  one  of  which  is  given  for  each  branch  of 
science. 

III.  Exhibitions,  scholarships,  studentshlpii,  etc.  Among  these  are 
*<  studentships  for  training,"  which  give  the  student  the  privilege  of  at- 
tending the  science  classes  at  South  Kensington  at  the  charge  of  the 
State;  also*the  well-known  Whltworth  scholarships  of  £100  per  annum 
for  three  years  for  practical  and  theoretical  proficiency. 

IV.  Qrants  toward  a  building  fUnd  for  the  erection  of  science  schools. 

V.  Grants  toward  apparatus  and  school  fittings. 

VI.  Laboratory  grants. 

VII.  Payments  in  aid  of  training  teachers. 

The  subjects  in  which  instruction  is  given  are  twenty-four  In  number, 
and  the  number  of  schools  in  which  instruction  is  imparted,  chlefiy  in  the 
evenings,  is  at  present  nearly  1,500.  In  order  to  give  you  an  idea  of  the 
growth  of  the  system  I  will  give  you  a  few  figures. 

For  some  time  after  the  foundation  of  the  department  only  five  towns 
responded,  and  of  the  five  schools  so  founded  one  or  two  were  unsuccess- 
ful, and  were  closed.'  In  1861, 1  had  the  honor  of  founding  the  Liverpool 
School  of  Science,  the  first  established  there,  and  the  system  was  already 
BO  far  developed  that  we  enrolled  between  100  and  200  students.  In  1867 
there  were  218  schools  in  Qreat  Britain  giving  instruction  to  about 
10,000  of  both  sexes ;  in  the  session  of  1876-1877, 1,848  schools  with  over 
55,000  students.  Owing  to  stricter  regulations  being  enforced,  the  num- 
ber of  students  diminished  in  1877-1878,  being  52,330,  but  the  schools 
multiplied,  there  being  1,484,  with  4,559  classes.  The  fruits  of  the  sys- 
tem are  widespread.  Every  large  town  has  many  schools,  London  alone 
having  165,  and  the  smaller  towns  and  even  villages  have  their  classes, 
the  students  of  which  are  often  more  successftil  than  those  of  the  more 
important  centres  of  learning  and  industry. 
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Now  let  me  endeavor  to  explain  briefly  how  the  various  localities  secure 
the  benefits  offered  by  the  department : 

A  committee  of  gentlemen,  not  less  than  five  in  number,  and  one  of 
whom  must  be  a  clergyman  or  magistrate,  is  formed  in  any  locality  for 
the  purpose  of  managing  the  classes.  This  committee  plaqes  itself, 
through  its  secretary,  in  communication  with  the  depariment,  engages  the 
teachers,  who  must  be  "certificated;"  and  so  the  "science  school"  is 
formed.  All  payments  are  made  to  the  committee,  who  may,  if  they 
please,  retain  one-flfth  of  the  teachers'  fees  for  cost  of  management.  In 
order  to  understand  the  mode  of  proceeding  we  must  pass  on  to  the  May 
examinations.  The  papers  at  these  examinations  are  framed  to  include 
six  grades  of  students  who  may  pass  as  follows :  Elementary,  first  and 
second  class;  advanced,  first  and  second  class;  honors,  first  and  second 
class.  As  soon  as  a  student  has  passed  in  the  second  class  of  the  ad- 
vanced stage,  he  is  entitled  to  earn  payments  on  results ;  in  fact,  he  Is  a 
"certificated"  teacher  of  the  department.  He  must  give  twenty-five 
lessons  (class  lectures)  In  any  subject  which  he  teaches  before  he  can 
receive  payment  for  his  instruction.  This  payment  Is  In  proportion  to 
the  degi*ee  of  success  attained  by  his  pupils,  and  In  no  case  exceeds  £4 
($20)  for  each  btudent.  As  a  matter  of  fact,  any  industrious  and  intelli- 
gent student  may  enable  his  teacher  to  earn  this  amount. 

It  Is  impossible  In  a  short  paper  to  enter  Into  tlie  details  of  the  system, 
but  I  Will  mention  a  few  of  the  subjects  taught  as  they  occur  to  my  mem- 
ory :  Biology  In  all  Its  branches  (Including  botany  and  vegetable  physi- 
ology) ;  physics  (acoustics,  light  and  heat,  magnetism  and  electricity) ; 
physical  geography,  now  known  as  "physiography;"  every  branch  of 
mathematics ;  chemistry  (organic  and  Inorganic) ;  building  construction, 
steam  naval  architecture,  geology,  mineralogy,  mining,  etc.,  etc. 

A  word  or  two  as  to  the  advantages  of  the  system.  It  Is  making  our 
men  better  mechanics.  It  Is  training  50,000  people  to-day  to  think  sys- 
tematically, and  to  reason  without  passion  or  prejudice;  to  appreciate 
your  "Cooks"  and  your  "lugersolls,"  and  by  their  influence  to  enable  those 
about  them  to  form  correct  estimates  of  the  value  of  public  utterances 
on  scientific  and  philosophical  questions.  It  is  enabling  many  young 
persons  who  would  have  drudged  at  the  desk  or  counter  all  their  lives  to 
earn  an  additional  Income  by  science  teaching,  and  others  to  form  a 
higher  estimate  than  their  ordinary  avocations  present  of  life  and  of  the 
world  In  which  they  live.  It  Is  iufiuenclng  our  homes,  by  giving  to 
people  about  to  enter  life  more  rational  views  of  sanitary  matters,  and 
all  others  pertaining  to  health  and  disease;  and,  last  but  not  least,  it  Is 
expanding  the  views  of  young  people,  educated  It  may  be  in  some  rigid, 
restricted,  though  devotional,  school  of  thought,  and  making  them  more 
charitable  in  their  opinions  of  those  who  differ  from  them  on  religious 
questions.  In  fact,  it  Is  materially  beueficient  to  the  teacher,  morally 
advantageous  to  the  taught,  and  beueficient  In  Its  general  Influence  on 
society. 

This  communication  was  referred  to  the  Committee  on  Science  Teach- 
ing in  the  Public  Schools. 
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Votedf  To  coDtinae  the  following  Committees:— (No.  7)  "On  the 
Relation  of  Science  to  the  Industrial  Arts;"  (No.  8)  *♦  Committee  to 
Memorialize  Congress  in  relation  to  Meteorological  Researches,"  and  (New 
No.  1)  "Committee  to  obtain  Permanent  Funds  for  the  Association,  and 
to  advlsQ  with  Treasurer  and  Permanent  Secretary  on  financial  matters." 

Votedt  To  discharge  the  Committee  on  Membership,  and  that  a  new 
Committee  on  Membership  be  appointed  to  consist  of  the  Standing  Com- 
mittee of  the  Association. 

Dr.  H.  Cakrixgton  Bolton  then  read  the  rough  draft  of  a  Circular 
which  he  proposed  should  be  issued  by  the  Committee  on  Membership  to 
solicit  the  cooperation  of  scientific  men,  not  already  members  of  the 
Association,  and  yet  who  sympathize  with  Its  aims  and  operations. 

The  Circular  was  referred  to  the  Standing  Committee. 

The  Committee  (New  No.  3)  to  prepare  a  Eulogy  on  the  late  Joseph 
Henry,  having  reported  progress,  was  discharged. 

The  names  of  nineteen  persons  recommended  by  the  Standing  Com- 
mittee to  membership  were  read  by  the  General  Skcrktary  and  they 
were  elected  by  ballot. 

The  General  Skcrktary  then  read  the  names  of  thirty-six  members 
nominated  for  fellowship  by  the  Standing  Committee,  as  follows : — 

Prof.  Pktkr  TowNSKND  Austen,  Rutgers  College,  New  Brunswick,  N.J. 

Ad.  F.  Bandkukr,  Highland,  111. 

Prof.  Alkxandkk  Graham  Bkll,  Boston  University,  Boston,  Mass. 

Garland  Carr  Broadhkad,  Pleasant  HIII,  Mo. 

Major  T.  B.  Brooks,  Geologist  State  Surveys  of  Michigan  and  Wis- 
consin, Newburgh,  N.-  Y. 

Ecklky  B.  Coxb,  Drlfton,  Luzerne  Co.,  Pa. 

Prof.  Henry  Draper,  New  York  City. 

Capt.  James  B.  Eads,  St.  Louis,  Mo. 

Prof.  J.  R.  Eastman,  U.  S.  Naval  Observatory,  Washington,  D.  C. 

Prof.  Thomas  Eolkston,  School  of  Mines,  Columbia  College,  New 
York  City. 

S.  F.  Emmons,  Cheyenne,  Wyoming  Territory. 

Prof.  S.  A.  FoRBKS,  Normal,  III. 

Prof.  Pkrsifor  Frazkr,  Jr.,  Assistant  Geologist  2nd  Geological  Survey 
of  Pennsylvania,  Philadelphia,  Pa. 

Jamics  T.  Gardner,  American  Geographical  Society,  New  York. 

Edward  Goodfkllow,  Assistant  U.  S.  Coast  Survey,  Washington,  D.  C. 

Arnold  Hague,  23  Fifth  avenue,  New  York  City. 

Oscar  Harger,  Yale  College  Museum,  New  Haven,  Conn. 

John  G.  Henderson,  Winchester,  111. 

Rev.  A.  B.  Hervey,  Troy,  N.  Y. 

Prof.  Roland  D.  Irving,  Wisconsin  Geological  Survey,  Madison,  Wis. 

Thomas  Potts  Jambs,  Cambridge,  Mass. 

Prof.  Charles  A.  Joy,  Stockbridge,  Mass. 

Prof.  Abram  Litton,  Washington  University,  St.  Louis,  Mo. 

Lieut.  Col.  Garrick  Mallery,  U.  S.  A.,  Washington,  D.  C. 
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Edward  L.  Mark,  Fredonia,  N.  T. 

Prof.  Danikl  S.  Martin,  236  West  Fourth  street,  New  York. 

A.  A.  MiCHBLSON,  Ensign  U.  S.  Navy,  Annapolis,  Md. 

Prof.  A.  W.  PuiLUPS,  New  Haven,  Conn. 

Prof.  W.  B.  PoTTKR,  Washington  University,  St.  Loais,  Mo. 

Mr.  W.  H.  PuLsiFKii,  St.  Louis,  Mo. 

Dr.  Carl  Romingbr,  Ann  Arbor,  Mich. 

P.  W.  Shkafer,  Pottsvilie,  Pa. 

Prof.  John  C.  Smock,  Rutgers  College,  New  Brunswick,  N.  J. 

Dr.  Grorgb  Vasby,  Department  of  Agriculture,  Washington,  D.  C. 

Lbstkr  F.  Ward,  Treasury  Department,  Washington,  D.  C. 

Capt.  Georgb  M.  Wuerlbr,  U.  S.  E.,  Washington,  D.  C. 

The  Prbsidbnt  appointed  Profs.  Nason,  Krrr',  Hitchcock  and  East- 
man to  act  as  tellers ;  ballots  were  cast,  and  teller  Hitchcock  reported 
all  the  proposed  fellOA's  had  received  the  necessary  number  of  votes. 

The  President  then  declared  the  members  named  elected  to  fellowship. 

Prof.  D.  S.  Martin  introduced  the  following  Resolution  :— 
Hesolved,  That  in  view  of  the  great  economic  importance  of  the  matter 
of  forest- pro  lection  and  wood-culture,  in  charge  ol  Committee  No.  8,  the 
Association  would  express  its  earnest  desire  that  some  report  looking 
toward  definite  action  be  received  from  the  Committee  at  the  next  meet- 
ing of  the  A.  A.  A.  S. 
The  Resolution  was  referred  to  the  Standing  Committee. 

Prof.  A.  H.  WoRTHEN  introduced  the  following  Preamble  and  Resolu- 
tion : — 

Whereas,  The  subject-matter  of  the  paper  to  be  read  this  morning  in 
Subsection  E  by  Prof.  Bickmore,  ''  On  the  Origin  and  Distribution  of  the 
Human  Race  on  this  Planet,*'  is  of  such  general  interest  to  the  members 
of  this  Association,  that  all  should  have  an  opportunity  of  listening  to 
the  important  facts  presented,  therefore  be  It 

Resolved,  That  Prof.  Bickmore  be  requested  to  prepare  another  paper 
upon  this  interesting  subject  to  be  read  in  General  Session  at  the  next 
meeting  of  this  Association. 

The  Resolution  was  referred  to  the  Standing  Committee. 

The  General  Secretary  then  stated  that  the  Standing  Committee,  in 
joint  session  with  the  Nominating  Commitiee,  had  unanimously  voted  to 
recommend  to  the  Association  to  hold  the  next  meeting  in  Boston,  on  the 
last  Wednesday  in  August. 

It  having  been  moved  and  seconded  to  accept  this  recommendation  of 
the  Nominating  Committee,  Prof.  Wm.  B.  Rogers  of  Boston  addressed 
the  Association  as  follows : — 

As  1  am  in  a  sense  personally  responsible  for  initiating  this  recom- 
mendation, 1  wish  to  say  a  few  words.  Before  coming  to  Saratoga  I  had 
formed  no  definite  opinion  as  to  the  place  where  we  were  to  assemble 
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next  year.  Bat  remembering  that  Boston  has  never  yet  had  the  benefit 
of  the  presence  of  this  Association,  and  thinking  of  the  varions  attrac- 
tions and  advantages  which  It  offers  as  a  place  for  oar  meeting,  I' have 
felt  it  a  duty  to  urge  the  Invitation  which  has  Just  received  from  this  com- 
pany such  a  cordial  response. 

A  younger  man  might  better  have  assamed  the  responsibility  of  this 
proposal  as  lie  could  better  promote  its  success  by  his  personal  efforts,  and 
were  I  otherwise  surrounded  than  I  am,  although  I  should  exert  myself  to 
the  same  extent,  I  might  feel  some  hesitation.  But  as  it  Is,  I  know  well 
the  band  of  young  workers  that  encompasses  me.  I  know  the  wide  re- 
sources aud  the  large  and  generous  hospitality  which  characterize  the  city 
of  Boston.  I  know  that  we  can  Airuish  there  the  most  admirable  facilities 
for  carrying  out  the  business  of  the  Association,  and  I  have  been  inspired 
to  make  this  movement  from  my  appreciation  of  the  value  of  these  facili- 
ties. At  the  Institute  of  Technology  and  at  the  neighboring  building  oc- 
cupied by  the  Boston  Society  of  Natural  History,  there  is  abundant  room. 
We  have  a  large  hall  for  the  general  sessions  of  the  Association  and  smaller 
halls  for  the  sectional  meetings.  There  is  a  large  expanse  of  blackboard 
and  convenient  apparatus,  with  motive  power  to  carry  on  experiments  and 
exhibitions.  Although  I  am  not  prone  to  make  exclusive  boast  of  Boston 
and  its  fine  vicinities,  feeling  as  I  do  strong  afflliation,  through  long  expe- 
rience as  a  teacher,  with  the  Middle  aud  Southern  sections  of  the  Union, 
yet  I  am  perfectly  sure  that  in  no  place  can  this  Association  be  more  fitly 
represented  aud  its  wants  be  more  fUlly  met.  than  In  the  City  of  Boston. 
I  can  guarantee  these  various  advantages,  aud  that  those  acting  with  me 
will  be  so  seconded  by  the  city  and  citizens  as  to  secure  the  flnaucial  aids 
and  the  hospitality  which  the  Association  has  been  accustomed  to  look  for 
and  which  it  so  signally  deserves.  The  men  of  science,  the  workers  for 
its  ends,  need  and  deserve  support  and  appreciation,  and  the  best  that  our 
civilization  can  offer.  I  unhesitatingly  guarantee  the  Association  a  large 
meeting  at  Boston,  and  a  large,  grateltil,  aud  appreciative  public  to  wel- 
come them  there. 

Messrs.  S.  U.  Scudder,  H.  L.  Eusiis  and  F.  W.  Putnam  also  addressed 
the  meeting  and  made  brief  statements  concerning  the  facilities  which 
would  be  placed  at  the  service  of  the  Association  at  Boston,  and  assured 
the  members  of  a  cordial  welcome  and  reception  on  the  part  of  the  people 
of  Boston  and  Cambridge. 

The  recommendation  of  the  Nominating  Committeb  was  then  unani- 
mously adopted. 

The  Gknkkal  Sbcrktary  read  the  names  of  the  gentlemen  recommended 
by  the  Nominating  Committee  for  general  Officers  of  the  Association  for 
the  ensuiug  year ;  viz.  :— 

President, — Lewis  H.  Morgan,  of  Rochester. 

Vice  President,  Section  A, — Asaph  Hall,  of  Washington. 

Vice  President,  Section  B, — Alexandkr  Agassiz,  of  Cambridge. 

Permanent  Secretary, — F.  W.  Putnam,  of  Cambridge. 
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*  General  Secretary y— J ous  K.  Kbrs,  of  St.  Louis. 

'''^'  Secretary  of  Section  A, — Hknry  B.  Nason,  of  Troy. 

"^''^  Secretary  of  Section  B,— C.  V.  Rilby,  of  St.  Louis. 

^^tionib  Treasurer,— WiLUAM  S.  Vaux,  of  PhUadelphia. 

Auditing  Committee, — Hknry  Wheatland,  of  Salem. 
^*  Thomas  Mbehan,  of  Philadelphia. 


President  Barker  called  attention  to  the  fact  that  the  Permanent  Sec- 
is,/iiw-  retary  was  to  be  elected  for  the  period  of  Ave  years. 

(j^jL  On  motion,  the  recommendation  of  the  Nominating  Committee  was  ac- 

iciem  ^  cepted  and  all  the  nominees  were  elected. 

,j^, ,  The  General  Skcrktary  jead  the  following  letter  from  the  Chairman 

,L  of  the  Reception  Committee,  Gen.  W.  B.  French. 

)/toi  A  CO.  30,  1879. 

T  ^  ^^  To  THE  Standing  Committee  of  the  A.  A.  A.  S. 

UDdmLv  The  Local  Reception  Committee  of  the  A.  A.  A.  S.  beg  leave  to  Inform 

oilt]?:,  the  Standing  Committee  that  arrangements  have  been  made  for  an  In- 

^Mv  formal  reception  of  the  members  of  the  Association  and  their  friends  In 

liMit  the  Bali  Room  of  the  United  States  Hotel,  on  Monday  evening  next  at 

[yffe;:  y.30  and  earnestly  request  tliat  they  accept  the  same. 

.o£»ti;.  W.  B.  French, 

iie  [i^  Chairman  Keceptinn  Committee, 

'^'*'  Tlie  Standing  Committkk  having  recommended  acceptance  of  this  In- 

iBa«;:*  viiation,  the  Association  voted  to  adopt  the  recommendation. 

"^^^  Captain  A.  R.  McNaik,  Chairman  of  the  Excursion   Committee,  an- 

ai'  nounced  that  lie  would  furnish  members  with  certificates  entitling  them 

^^  to  obtain  R.  R.  excursion  tlcliets  at  favorable  rates,  and  that  he  would  be 

f"-  found  djiily  from  5  to  7  p.  M.  in  Parlor  B  of  the  United  States  Hotei. 

-  "*  Captain  McNair  also  gave  notice  that  Messrs.  Witherbees,  Sherman  & 

-•  Co.,  proprietors  of  the  Mt.  Moriah  Iron  Mine,  near  Port  Henry,  extended 

*  an  invilaiion  to  all  the  members  of  the  Association  to  visit  the  Interesting 

mines,  and  tendered  an  excursion  train  from  Port  Henry  to  the  mines  and 
?^  return.    Captain  McNair  requested  meipbers  intending  to  talvc  advantage 

of  this  offer  to  register  their  names  in  a  list  provided  in  room  No.  14  in 
"^^  the  Town  Hall. 

^  The  Grnkkai,  Skcuetauy  gave  notixse  that  the  SrANDiNG  CoMAfiTTKE 

•  recommended  to  the  Sections  that  papers  be  limited  to  thirty  minutes. 

He  also  stated  that  the  Standing  CoMMirrKK  requested  the  Subsections  to 

choose  their  Secretaries  for  the  ensuing  meeting;  the  custom  being  to 

elect  chairmen  only. 

President  Bauker  announced  a  General  Session  in  the  Methodist  church 

on  Washington  St.,  at  8  p.  M. 

The  Association  then  adjourned  to  meet  in  sections.       ^ 

At  8  o'clock  in  the  evening  of  the  same  day  the  Association  met  in 
General  Session  In  the  Methodist  church,  President  Barker  in  the  chair. 
Prof.  C.  F.  Chandler  presented  a  paper  upon  the  Chemistry  of  the  Min- 
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eral  Waters  of  Saratoga,  Prof.  James  Hall  spoke  on  the  Geology  of 
Saratoga  Springs  and  vicinity,  and  Dr.  T.  Stbrry  Hunt  upon  the  Genesis 
of  the  Springs. 

The  Secretary  of  Subsection  C  reported  the  following  gentlemen 
elected  Officers  of  the  Subsection  for  1880. 

Chairman^ — John  M.  Okdway,  of  Boston. 
Secretary, — C.  E.  Munroe,  of  Annapolis. 

The  Secretary  of  Section  B  reported  the  formation  of  a  Subsection 
of  Biology,— Subsection  F,  with  the  following  Officers : 
Chairman,— Burt  G.  Wilder,  of  Ithaca. 
Secretary^ — Louis  Elsberg,  of  New  York. 

The  Secretary  of  Subsection  E  reported  the  following  gentlemen 
elected  Officers  of  the  Subsection  for  1880  :— 

CJiaii'nian, — J.  W.  Powel*l,  of  Washington. 
Secretary, — J.  G.  Henderson,  of  Winchester. 

Tuesday,  September  2nd.  The  Sixth  Day's  Session  was  called  to  order 
by  President  Barker,  at  10.30  a.  m. 

The  names  of  nine  persons,  recommended  to  membership  by  the  Stand" 
ing  Committee,  were  read  by  the  General  Secretary,  and  a  vote  being 
taken  they  were  elected. 

Prof.  F.  W.  Clarke  offered  the  following  Resolution  : — 

Resolved,  That  the  thanks  of  the  Association  be  given  to  Dr.  E.  C. 
McEwen,  Gen.  W.  B.  French,  Prof.  H.  A.  Wilson,  Lieut.  Commander 
A.  R.  McNalr  and  other  members  of  the  Local  Committee  for  their  kind- 
ness In  making  the  essential  arrangements  for  the  present  meeting ;  and 
be  it  further 

Resolved,  That  as  a  grateful  acknowledgment  on  the  part  of  the  As- 
sociation for  the  untiring  assistance  rendered  tlie  members  in  many 
directions,  a  ftiU  set  of  the  volumes  of  the  Proceedings  of  the  Association 
be  presented  to  Lieut.  Commander  A.  R.  McNalr. 

This  Resolution  was  unanimously  adopted. 

The  Permanent  Secretary  made  some  announcements  relative  to 
letters  and  telegrams  addressed  to  members,  and  awaiting  their  appli- 
cation at  the  Post  Office  of  the  Association. 

President  Barker  then  stated  that  the  several  Sections  would  complete 
the  reading  of  the  papers  that  came  before  them,  and  there  being  no 
further  business  before  the  Association  In  General  Session,  he  declared 
the  Association  adjourned  to  meet  In  Boston,  Mass.,  on  the  last  Wednes- 
day in  August,  1880. 

H.  Carkington  Bolton, 

General  Sea'etary. 
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GENERAL  REPORT  OF  THE  PERMANENT  SECRETARY. 

Thk  preceding  report  of  the  General  Secretary  for  the  Saratoga  Meet- 
lug  contains  nearly  all  that  it  is  necessary  to  state  in  relation  to  the  Twen- 
ty-eighth Meeting  of  the  Association,  with  the  exception  of  the  few 
statistics  which  it  has  been  customary  to  give  in  each  volume. 

Two  hundred  and  flfty-six  members  signed  the  register  during  the 
meeting  and  these  were  accompanied  by  about  thirty  ladies  who  were 
not  members.  Two  hundred  and  nineteen  persons  were  elected  mem- 
bers. Of  this  number  152  have  accepted  membership  and  have  paid  their 
entrance  fees  and  assessments.    Thirty-six  members  were  made  fellows. 

The  total  number  of  members  who  have  paid  their  assessments  for  the 
Saratoga  meeting  to  this  date,  including  life  members,  is  720. 

One  hundred  and  flfty-two  papers  were  entered  on  the  general  list  of 
titles.  Of  these,  eight  were  declined  by  the  Standing  Committee  as  not 
coming  within  the  scope  of  the  Association  or  for  other  reasons ;  four 
were  withdrawn  by  tlieir  authors  and  four  were  not  considered  by  the 
Committee  for  want  of  abstracts,  four  were  read  in  General  Session  and 
the  182  remaining  were  either  read  in  full,  or  by  abstract  or  title,  before 
the  several  sections  as  follows :  Section  A,  40 ;  Section  B,  54 ;  Subsection 
C  (Chemistry),  22;  Subsection  E  (Anthropology),  16. 

The  total  number  of  members  on  the  lists  of  the  Association  at  this 
date  is  1030,  but  of  this  number  153  are  in  arrears  for  the  St.  Louis  and 
Saratoga  assessments  and  162  for  the  Saratoga  assessment  only. 

Notices  of  the  decease  of  six  members  were  read  at  the  Saratoga 
meeting. 

One  thousand  copies  of  the  St.  Louis  volume  were  received  from  the 
printer  In  June,  1879,  of  which  914  have  been  distril)uted  to  this  date  as 
follows :  —  to  members  735,  by  vote  of  the  Standing  Committee,  Including 
exchanges,  165,  sold  14,  leaving  only  89  on  liand  for  members  who  will 
become  entitled  to  them  by  the  payment  of  their  assessment,  and  for  future 
use.  All  the  copies  of  the  26th  (Nashville)  volume  have  been  disposed 
of,  and  a  new  edition  should  be  printed  as  soon  as  the  financial  condition 
of  the  Association  will  permit.  The  same  is  the  case  with  volume 
two.  A  few  years  ago  volume  one  was  reprinted.  Owing  to  the  recent 
increase  in  the  number  of  members  the  Standing  Committee  ordered  that 
the  number  of  copies  of  the  present  volume  should  be  increased  to  1250. 
It  is  probable  that  a  still  larger  edition  will  be  required  in  future. 

Owing  to  various  causes,  beyond  the  control  of  the  Permanent  Secre- 
tary, the  present  volume  has  been  greatly  delayed  in  passing  through  the 
press.  That  this,  however,  may  not  be  regarded  as  a  bad  precedent,  it 
may  be  stated  here  that  arrangements  are  already  perfected  for  the  early 
publication  of  the  Boston  volume,  and  if  authors  will  leave  their  papers 
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With  the  Secretaries  immediately  after  reading  them,  so  that  no  time  will 
be  lost  in  their  consideration  by  the  Pablication  Committee,  there  is  every 
reason  to  believe  that  the  next  volume  will  be  poshed  through  the  press 
with  great  rapidity. 

Owing  to  the  financial  condition  of  the  Association,  the  Standing  Com- 
mittee were  compelled  to  request  authors  in  the  present  volume  to  ftimish 
the  illustrations  for  their  papers  at  their  own  expense,  and  the  Associa- 
tion is  therefore  indebted  to  several  of  the  members  for  their  liberality  in 
this  respect. 

The  cash  account  given  on  the  following  pages  covers  the  period  embraced 
between  August  13, 1878  and  August  28,  1 879.  The  deficit  of  ^187.9 1  shown 
by  the  account  has  been  met  in  part  by  the  generosity  of  the  Treasurer, 
who  has  given  $100.00  for  the  purpose,  since  the  account  was  presented 
at  Saratoga. 

F.  W.  Putnam, 

Salem,  July  30, 1880.  Permanent  Secretary. 
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F.  W.  PUTNAM,  PERMANENT  SECRETARY, 

Dr.  Tub  American  Association  for 

1878-79. 

To  Balance  fh)in  last  Account 9  106  76 

Assessments  previous  to  27th  Meeting      .    .  ^    342  00 

••            for  St.  Louis,  ««          ««             .    .  1,871  00 

"              «« Saratoga,  28th       •«             .    .  637  00 

Entrance  Fee,  Buffalo        6  00 

"          •*     Nashville 6  00 

**          **      St.  Louis 640  00 

**         **     Saratoga 10  00 

Fellowship  Fees        28  00 

2,838  00 

Publications  sold,  and  Binding 130  41 

Donation  fVom  W.  B.  Rogers 100  00 

Postage  charges  reminded 8  89 

Express      "              "          20 

Am't  paid  for  setting  glass  refunded 3  00 

Life  Membership  commutation 100  00 

Balance  due  Permanent  Secretary 187  91 


$8,  474  67 


Salem,  Mass,  August  28, 1879. 

I  have  examined  the  above  account  and  certify  that 
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IN  ACCOUNT  WITH 

THE  AdVAKCEMKNT  OP  SCIKNCK.  Cf. 

1878-79. 
By  Expenses  of  St.  Louis  Meeting :  — 

General  Expenses  at  St.  Louis        :    .    .    .    .  $    227  97 

Expenses  St.  Louis  voL^  1,000  copies:  — 

Composition,  Paper  and  Press-work  .    .    .    .   ^  1,143  98 

Illustrations 25  26 

Binding  965  In   Paper,  10  in  i  Turkey,  26  in 

Cloth,  and  25  clotii  covers 234  60 

Wrapping  865  for  distribution 1160 

Distribution  by  Mail,  $94  96;  by  Express,  2  20  97  15 

Extra  Copies,  Addresses  and  Reports     ...  62  37 

1,664  76 

General  and  Office  Expenses :  — 

Printing  Circulars,  Blanks,  Tickets,  etc.      .    .  92  31 

Binding  Back  Volumes 7  ^8 

Receipt  Book 6  50 

Stamped  Envelopes  and  Postage 166  05 

Express 69  80 

Telegrams 91 

Rent  of  Office  to  July  1,  1879  (one  year)         .  100  00 

Fuel 26  25 

Janitor •    •    •  26  00 

Book  Shelves  and  Cases 32  88 

P.  O.  Box  Rent 4  00 

Subscription  to  "Postal  Guide" 160 

Minor  Office  Expenses  and  Stationery    ...  35  16 

Back  volumes  bought 2  63 

Saratoga  Meeting 21  48 

681  96 

Life  Membership  Fund 100  00 

Permanent  SecreUry,  Salary  for  1878-79       .    .    .  1,000  00 

$3,474  67 


the  same  is  correctly  cast  and  properly  vouched. 

Henry  Wheatland,  Auditor. 
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